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Abstract. This study demonstrated that the presence of cetacean in the Savu seas was in accordance
with the patterns of sea surface temperature (SST) and chlorophyll-a concentrations, as indicators of a
favourable seawater temperature and of the presence of its natural diet. The aim of this study was to
analize the monthly average sea surface temperature (SST) and chlorophyll-a from January to December
2018, based on the MODIS Aqua satellite data and on the field validation for May 2018, and on the
cetacean sighting surveys in Savu seawater. Results of field SST data measurementranged from 26.4 to
30.5oC. The SST satellite data ranged from 26.7 to 31.4oC and chlorophyll-a concentration ranged from
0.5-0.83 mg m-3. Field cetacean observations had identified four dolphins and two whales species,
namely the bottlenose dolphin (Tursiops truncatus), Fraser’s dolphin (Lagenodelphis hosei), pantropical
spinner dolphin (Stenella longirostris) and pantropical spotted dolphin (Stenella attenuata). The two
species of whales found were the pygmy feresa whale (Feresa attenuata) and pygmy sperm whale (Kogia
breviceps) from 12 field survey points.
Key Words: oceanographic variables, cetaceans, remote sensing.

Introduction. Indonesian seawaters are inhabited by 31 species of cetaceans and the
dugong (Rosas et al 2012). These marine mammals are spread from the coast to the
deep sea of Indonesia, showing both resident and migratory behavior (Salim 2011).
Several species of cetaceans with migratory behavior occupy the eastern part of
Indonesia seawaters and their migratory pathways extend from the Indian to Pacific
Ocean through the straits of Komodo Island, Solor, Lembata, Alor, Wetar, Banda Sea,
southeast Sulawesi, east Sulawesi and Sorong (Papua Island), at the north (Salim 2011).
The eastern part of Indonesia seawaters, especially in some inter islands, have
functioned as the entry point strait for cetaceans as well as for some species of sea
turtles. At present, most of the world’s attention is given to the issue of protection,
presence observation, migratory and distribution patterns of marine mammals, especially
for cetaceans (Dréo et al 2019). The issues mainly in regard the declining population of
cetaceans caused by human activities, such as illegal fishing, pollution, and
environmental degradation (González et al 2019; Sutton et al 2019). In-depth and
holistic research on cetacean ecology and migratory pathways in Indonesia is very
limited, although they constitute the basis for their conservation.
Savu Sea belongs to the province of East Nusa Tenggara (ENT), with extension
areas up to Indonesia's Exclusive Economic Zone (EEZ), next to the west coast borders of
Timor Leste National Marine Park of East Nusa Tenggara (Putra et al 2016). Savu Sea has
unique seawater conditions with a significant increase in the sea surface temperature
(SST) during the southeast monsoon and low SST during the east monsoon. The
dynamics of seawater mass displacement occur in the surface layer due to a vertical
dynamic pattern of seawater temperature l resulting in an upwelling process, as well as in
a horizontal mixing process due to the monsoonal wind pattern in Savu Sea. The impact
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of the vertical seawater upwelling process triggers the seawater nutrient enrichment and
phytoplankton biomass at the upper layer on shallow straits and along the coastal area
(Sediadi 2004; Packard et al 2015).
The SST has a significant impact on the upwelling and on the natural abundance
of plankton biomass, copepods and small crustaceans (Mujiyanto et al 2017), attracting
groups of cetaceans which migrate into the Savu Sea through the Lembata, Alor and
Wetar straits (Hartoko 2013). The study of Priyadarshana et al (2016) using MODIS Aqua
satellite imagery and field surveys in the Gulf of Sri Lanka had found that the cetacean
distribution and migratory pattern was explained mainly by the foraging habits. In the
Indian Ocean studies have reported the presence of sperm whales in depths up to 20 m
swimming toward the beach for feeding (Reisinger et al 2015; Citta et al 2018; Stepanuk
et al 2018).
Holistic investigations on cetaceans were necessary to the marine authorities of
East Nusa Tenggara Province for a sustainable management based on evidence data of
oceanographic variables, such as: sea surface temperature, current pattern, upwelling,
plankton abundance and data related to the cetaceans in the Savu Sea, resulting in an
accurate, comprehensive and integrated scientific research report. Documented
observations of cetacean behavior have reported blowing, logging, fluking, flipperslapping, slap, spy-hopping, breaching and feeding (Kahn 2016).
Remote sensing technology is one method which has potential to be effective in
conducting surveys over large areas and in narrow straits (Hartoko et al 2019). The
satellite data used in this study was MODIS AquaTerra, for SST and chlorophyll-a in the
Savu seawater. The aim of the study was to conduct spatial analysis and determine
monthly ranges of SST and chlorophyll-a and their relationship to the presence of
cetaceans in Savu seawater within East Nusa Tenggara Province, producing possible
recommendations for a sustainable management by the local government.
Material and Method. Field cetacean boat track-line surveys were conducted over 10
days in November 2018 with 12 survey points along the Savu sea, East Nusa Tenggara
Province, Indonesia as presented in Figure 1.

Figure 1. Station points of the field survey.
In the present study we used several survey tools, including the Marine Conservation
Agency survey boat for surveyor sightings, Global Positioning System (GPS) to mark
survey points coordinates, Nikon D5500 Camera for cetacean sighting documentations,
Drone for aerial survey boat and cetacean sighting documentations, Water Quality
Checker to measure in-situ sea water temperature, Binoculars for cetacean sighting
identification, Hydrophone, Cetacean Identification Book for cetacean species
identification, ArcMap 10.3, SeaDas 7.3, and Er-Mapper software for satellite data
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processing. The MODIS AquaTerra level-3 of ASCII data file was downloaded from NASA
link https://oceancolor.gfsc.nasa.gov (2019) for sea surface temperatures and
chlorophyll-a data analysis.
Field survey method. Field observations were based on a methodology used also by
Guinet et al 2009, Kahn 2016, Forney & Barlow 1998, Diogou et al 2019, Perrin et al
2018. The use of the zigzag method aims to obtain an estimate of cetacean density and
avoid glare from the sun. The method of field observation of the observer group
consisted of 4 observers who were placed on the front deck, on the left, center and right
side of the boat. The design of the observation experiment can be seen in Figure 2. The
required field data is recorded and recorded in the logbook and returned to the original
track. Field data and information recorded are date and time of appearance of cetaceans,
GPS position, angle of cetacean position to boat, relative distance of cetaceans from
boats, cetacean swimming direction, species, number, sea surface temperature,
chlorophyll-a and cetacean behavior.

Figure 2. On board observer positions during the survey.
Acquisition of satellite data. Acquisition of MODIS Aqua Terra satellite level 3 data
used in the study were downloaded from National Aeronautics and Space Administration
(NASA 2019) for the sea surface temperature (SST) and chlorophyll-a data. The study
used original spectral of ASCI format level 3 data which was then processed using
SeaDas 7.3 software and followed by a cropping at the level of the focused research area
of Savu Sea.
Satellite data processing method and analysis. The first step of satellite raw data
processing was involving data transform from the original satellite raw data in a numeric
ASCI format consisting of coordinates and SST or chlorophyll-a data, then transformed
into a spatial layer using an interpolation process based on a geo-statistic gridding
method using ErMapper and ArcGis 10.3 software (Hartoko & Helmi 2004; Hartoko et al
2019; Dréo et al 2019).
Results
Distribution of sea surface temperature. Sea surface temperature was measured by
using a water quality checker at 12 stations, in the range of 26.4–30.5oC (Figure 3A).
Sea surface temperature based on MODIS AquaTerra satellite data was in the range of
26.7–31.4oC (Figure 3B), while analysis of MODIS AquaTerra satellite in November 2018
resulted in a SST range of 26.7–31.4oC. The position choice of stations 1 to 8 was
intended to represent the Alor strait, stations 7 and 8 the Lembata–Lamalera strait and
stations 9–12 the Sawu strait and Rote Islands, as the entrance gate of the Indian Ocean
into the Savu Sea.
The east monsoon of November 2018 is regarded as the peak of the cetacean
presence, in comparison with a lower MODIS satellite SST observed during the west monsoon
of January 2018. More precisely, the recorded SST in the Savu Sea during the cetacean
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presence event in November 2018 was 26.7–28.6oC, exhibiting a cooled-pool seawater mass,
compared to the SST range of 28.6–31.4oC outside of the Savu Sea (Figure 3B).

Figure 3. Distribution of SST from November 2018 field measurement (Figure 3A) and
monthly distribution of SST data from the MODIS AquaTerra satellite (3B).
The results of the monthly SST analysis for 1 year using MODIS AquaTerra data found that the
lowest SST detected was recorded in July, with a temperature range of 26-27oC (Figure 4).

Figure 4. Monthly average of SST data from the MODIS satellite, in January–December
2018 in the Savu Sea.
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The range of SST recorded before the cetacean presence event in January 2018 was in
the range of 27-32.5oC. The average SST range was higher in December and January
2018. Cetacean sightings in November 2018 were assessed due to the increasing number
of seawater mixing processes in the Savu Sea due to the west monsoon winds. The
impact is upwelling so that the Savu Sea has a warm and nutrient-rich SPL. Therefore,
cetaceans come to the Savu Sea to find food.
Spatial distribution of chlorophyll-a. Monthly spatial analysis of colorophyll-a
concentrations using the Aqua Terra MODIS level 3 satellite data downloaded from the
official NASA link https://oceancolor.gsfc.nasa.gov. Then the chlorophyll-a data were
analyzed by the IDL application using the kriging analysis method, so it was found that
the chlorophyll-a concentration in the Savu Sea was in the range of 0.5-0.83 mg m-3
when cetaceans appeared in November 2018 in the Savu Sea (Figure 5).

Figure 5. Monthly average of MODIS Satellite data on chlorophyll-a concentration,
between January and December 2018, at Savu Sea.
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In comparison, the chlorophyll-a concentration during the event was higher than during
the west-monsoon in January 2018 (before the cetacean presence in November 2018),
which was found to be in the range of 0.34–0.65 mg m-3, as well as during the west
monsoon of January 2019, after the peak season, which was in the range of 0.05-1.24
mg m-3, as it can be seen in Figure 6A and Figure 6B.

A

B

Figure 6. Spatial distribution of chlorophyll-a concentration in January 2018 (A) and
January 2019 (B) in the Savu Sea.
Both before and after the peak of the cetacean period, the seawater chlorophyll-a was
spread evenly inside and outside of the Savu Sea. The results of SST and chlorophyll-a
data extraction from the Aqua MODIS satellite in the waters of the Savu Sea in 2018, in
order to compare the SST and chlorophyll-a distribution data for the emergence of
cetaceans, can be seen in Figure 7A and Figure 7B.

Figure 7. Variation in average SST (A); Variation in average chlorophyll-a (B) JanuaryDecember 2018 of MODIS satellite data.
Judging from Figures 7A and 7B it can be said that the decrease in SST in April-July is in
the range of 28-26oC with the chlorophyll-a range increasing from February to July in the
range of 0.1-0.8 mg m-3. The presence of cetaceans in Savu waters in November 2018 is
in accordance with monthly SST and chlorophyll-a variations (in data from the MODIS
satellite), showing an average SST of 28.5oC and an average chlorophyll-a of 0.4 mg m-3.
Field cetacean sightings in the Savu seawater. Field observations in the Savu Sea
during November 2018 reported six species of cetaceans, four species of dolphins and
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two species of whales. Cetacean species and their percentage of appearance time in
water bodies of each species are presented in Figure 8.

Figure 8. Types of cetaceans and time of appearance of cetaceans in the Savu Sea.
Looking at the graph in Figure 8, it can be seen that 4 species of cetaceans were found:
the Pantropical spinning dolphin (Stenella longirostris) was recorded at the survey points
(ST) 1, 2, 3, 4, 6, 10 and 11, showing arcs, the bow and the antenna goes around
behaviors. Pantropical dolphins (Stenella attenuata) were recorded at the survey points
(ST) 1, 2, 3, and 5 showing air avoidance and aerial behaviors. The whales recorded
were dwarf killer whales (Feresa attenuate) and dwarf sperm whales (Kogia breviceps) at
the survey points (ST) 1, 2, 3, and 4 which exhibited avoidance and logging behavior,
with an average appearance time in water bodies ranging from 0.6 to 0.34 hours. The
emergence of cetaceans in the Savu Sea waters can be seen in Figure 9.

A

B

C

D

Figure 10. Dolphin (A and B) and whale (C and D) in the Savu sea during field
observations (original).
Discussion. The current study revealed that the cetacean sightings were in accordance
with the field SST spatial distribution data in the range of 26.5-30.5oC during November
2018. This study assumes the cold pond SST pattern recorded during November 2018
(Figures 3A, 3B) will be much different from the SST pattern in December 2018 (Figure
4), with a higher SST pattern in the Savu Sea and the surrounding seawaters. Research
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by Sutton et al (2019), National Marine Park East Nusa Tenggara (2018) and Kahn
(2017) reported that the range of in-situ SST for cetaceans was between 25–33oC. This
SST range was regarded also as the optimum temperature for plankton breeding,
increasing the plankton density and biodiversity and ecological functions as migratory
attractor to the area for feeding and reproduction of small fishes, cephalopods and
ultimately for cetaceans, as the top predator in the food chain. Similar research by
Frantzis et al (2011) showed that whales and dolphins were migrating towards plankton
and prey rich seawater.
The high level of primary productivity in Savu Sea has caused unique
oceanographical phenomena based on the combination of the SST (Figure 3A, 3B, 4 and
7A) and chlorophyll-a in the seawater mass (Figure 5, 6A, 6B and 7B). It is assumed that
the vertical current movement from the south Indian Ocean entered through the strait
between Sawu and the Rote Islands and resulted in an upwelling through the main
Lamalera, Alor and Wetar straits. Further northward seawater mass from Indian Ocean
caused a horizontal mixing process with the Pacific Ocean water mass at Banda Sea and
resulted in a nutrient rich seawater mass. The high nutrients and primary productivity in
the Savu Sea by means of phytoplankton biomass was also confirmed by the MODIS
satellite chlorophyll-a data as in Figure 5. Previous research indicates that the Savu Sea
has a high level of primary productivity as a result of the vertical mixing of cool Indian
Ocean waters under currents that move upward into the Savu Sea, bringing high
quantities of nutrients from the deeper water column.
The mixing of the cold Indian Ocean with the warm Pacific Ocean water increases
the nutrient concentration and primary production in the Savu Sea (Suton et al 2019; Li
& Yu 2020). These favorable ecological conditions have attracted some pelagic fish and
other migratory species for feeding, inducing their migratory pattern (Hartoko & Helmi
2004; Chung & Gong 2019; Lyu et al 2016). Chlorophyll-a concentration data from the
MODIS satellite indicated values in the range of 0.06-0.87 mg m-3, during the cetacean
sightings in Savu Sea, in November 2018, which was also confirmed by the research of
Putra et al (2016). Huo et al (2020) stated that the optimal chlorophyll-a concentrations
are in the range of 0.02-0.7 mg m-3, indicating a fertile or rich of nutrient seawater.
The high primary productivity in seawater will increase the biomass of small fish
species and squid (cephalopods), regarded as the main prey and ultimately attracts
species of marine mammals such as whales and dolphins, which migrate for feeding
(Simond et al 2019). The current study revealed that the range of chlorophyll-a
concentration inside the Savu Sea 0.6-0.8 mgm-3 was found to be tenfold higher than in
the surrounding areas, in the Indian Ocean, with only 0.06 mg m-3. The two species of
whales and four species of dolphins observed in the current study were assumed to be
suitable with this favorable current mixing areas (FCMA) in the Savu Sea, with a high
primary productivity and an optimum sea surface temperatures (Hartoko 2009; Hartoko
2010; Sutton et al 2019). The presence of cetaceans with behavior of bow riding
traveling, bow riding, feeding riding and aerials in the FCMA in the Savu Sea was related
to the migratory behavior and instinct for feeding (Diogou et al 2019; Rudolph et al
1997; Kahn 2017).
The two whale species and four dolphin species observed in this study correspond
to a favorable current mixing area with high primary productivity and optimal sea surface
temperature (Sutton et al 2019). Sightings of the bottlenose dolphin (Tursiops truncatus)
were found at stations 2, 4 and 7, with bow-riding behavior. Fraser's dolphin
(Lagenodelphis hosei) was found at stations 1, 2, 4, 5, 12, with the bow and aerial
behavior. The pantropical spinning dolphin (Stenella longirostris) was found at stations 1,
2, 3, 4, 6, 10, 11, with bow, traveling, bow riding and aerial behavior. The pantropical
leopard dolphin (Stenella attenuata) was found at stations 1, 2, 3, 5 with aerial and air
avoidance behavior. Based on field observation data, dolphins were found in the sea
surface temperature range of 26.4-30.5oC and chlorophyll-a ranged from 0.3 to 0.6 mg m-3.
The dwarf killer whale (Feresa attenuate) and the dwarf sperm whale (Kogia breviceps)
were found at stations 1, 2, 3, 4, with avoidance and logging behavior, corresponding to
a sea surface temperature range between 26.4-28.7oC and chlorophyll 0.2–0.8 mg m-3.
The average appearance of cetaceans in the Savu Sea waters ranges from 0.6 to 0.34
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hours. Cetacean observed behavior was of types: traveling by bow, bow, eating, and
space. Cetaceans appearing at the marine waters’ surface with an average time span of
0.5-0.55 hours show migratory feeding and reproducing behavior (Rudolph et al 1997;
Diogou et al 2019).
Conclusions. The cool seawater phenomena in November 2018 in the Savu Sea,
corresponding to field SST spatial distribution ranging from 26.4 to 30.5oC, was regarded
as the oceanographic variable the most influencing on the presence, sightings and
migating paths of the cetacean at the Savu Sea. The satellite chlorophyll-a concentration
in the Savu Sea, in November 2018, ranged from 0.06 to 0.87 mg m-3. Four species of
dolphins were observed: the bottlenose dolphins (T. truncatus), the Fraser’s dolphins (L.
hosei), the pygmy spinning dolphins (S. longirostris) and the pantropical spotted dolphins
(S. attenuata), and two species of whales: the pygmy killer whales (F. attenuate) and the
pygmy sperm whale (K. breviceps).
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