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Abstract, This shaafamensrated trat he presence of catacean i e Sauu S6a5 was in aconiance
AR Che parmems of Sep Sufice Temgeraiurne (S5T) and Chiorpedn g condenirations, a8 indicates of a
favouraiie spamator tomper amd of S preserce of i naberal deek, The sim of thiz shady was i
anslae Fs maeahly average iea surface mperatione [(S5T) and dnioeogin@-a fasen Tnaay 10 Dacambs

TOL6, Gosed o W MORIS Agua saelline dale and on e Beld waldarkn foe Say M08 ard on Che
COTACRAN SN Gurvays in Savi tdawater. Aese®a of field 55T data Meacuremastrangad from 25,4 o
B0.5°C. Tha 55T satedlite data ranged fram 25.7 to 3140 and chiosepingd.a concanteation ranges Tram
9.50.83 mm‘. Fieid cefscean cbserqatons Rad wdentifed fowr dolphing and twio whales species,

marnely e botdensse dolphin {Tarsoes dun 4, Frasers dolphin (Lagenadeiis fodel], pavtropoal
spinner dolphin (Sfensly fonpirosins) and pa | spobed pofphen (Stessls afenvatr) The bac
speces of wnalss found were the pegmy feress whale (Fenssa stfenvada) and mygmy soenm whake (Ko

braviceps) tronn 12 Mald survey pokits.
Meay Woerds: comsnographic wnahies oetacmanes, remnte sensing

Introduction. Indonesian seaweters are inhabited by 31 species of cetaceans and the
dugong (Foses ef al 2012), These marine marmimals are spread from the coast (o the
desp sep of Indenesia, showing both resident and migrabory behawior [(Salim 20105
Several specks of cetaceans with migratory behawior oocupy the sastern part of
Indonesia seawaters and their migraboy pathways extend from the Indian to Pacific
Cicean through the strais of Komodo Island, Solor, Lembata, Alor, Wetar, Handa Sea,
southaast Sulawesl, sast Sulawes and Sorong {Papua Island), at the north (Salim 2001).
The eastem part of Indoncsia scawaters, ospecialty in some inter islends, have
functionod as the entry point strait for cotaceans as well as for some specics of sea
turtles. At present, most of the world’s attention s given to the issue of protecthon,
presence shservation, migratory and distibution patterns of mariee mammals, especielly
Mor cefacehns [ﬂrl*.l'-.l e gl P019Y, The issues mainly in regard the dedining population of
cefaceans caused by human  activiies, such as  illegal fishing, poludon, and
emviranmental degradation [(Gonraler ef & 200%; Sution . et al 2019). In-depth and
holiskic ressarch on cetacean ecology and migratery pethweys in Indonesia @& very
limited, although they constitute the basic for their corsersation.

Savu Sea belongs o e province of East Muta Tenggars [ENT), with axbension
areas up bo Indonesia's Exclusive Economic Zone (EEZ), next to the west coast borders of
Tirar Leste Mational Madne Park of Epak Musa Tenggara (Putrs et 8l 2016). Savu Ses has
unigue seawabter conditions with a significant increase in the sea swiface temperature
(S5T) during the southeast monscon and low 55T during the east monsoon, The
dynemics of seawater mass displacement occur in the serface laver due to a vertical
dynamic pattern of seawater bem perature | resuiting in an upwelling process, as well as in
a horigantal mixing process dee 1o the monsoonal wind palierm in Savu Sep, The impact
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of the vertical seawaber upwelling process triggers the seawaler nutrient enrichment and
phytoplankton biemass &t the upper layer on shallow straits and alang the coastal ares
{Sadiadi 2004: Packard &t & 2015).

The S5T he< 3 sighificant impeet an the upwelling and on the Aetural abudance
of plankten biomass, copepods and small crustaceans (Mujnvanto 2t al 2017, attracting
groups of cetaceans which migrate into the Sawu Sea through the Lembata, Alr and
Watar straits [Hartoko 2013} The study of Privadarshara et al (2016) using MODIS Aqua
satellite imagery and field surveys in the GuIf of 56 Larka bad found that the cetacean
distribution and migratory patterm was explained mainly by the foraging habits. In the
Indian Cocean studies have reported the presence @ sperm whales in depths wp ko 20 m
swimming toward the beach for feeding (Reisinger et al 201%; Citta et &l 2018; Stepanuk
etal 2018).

Holistic investigations on celaceans were necessary Lo the maring sutherities of
Bst Nusa Tenggara Provinee for & sestainable management based on évidence data of
oeeanographic varables, such as: zes surface temperatune, current pattern, upwelling,
plankton abundamnce Bnd detas related o the cetaceans in Bie Szvu Sea, resulting in &n
accurate, comprehencive and inbegrated sdentific  research  report.  Documented
observations of cetacean behavior have reported blowing, logging, Muking, Mipper-
slapping, slap, spy-hopping, breaching and feeding (Kahn 2016).

Remobe sensing technolagy is one methed which has pobential Do e effective in
conducking surveys ower large areas and in namow straits (Hartoko et al 2019). The
zatellice data USQH this study was MODIS AguaTerra, for S5T and chilorephyll-a In the
Savu sepwater, The aim of the stedy was (o conduct spatial analyss and determing
manthly ranges of 55T and chiorophyil-a and thelr relationship o the presence of
CEEACEANG in SAvL Seaweter within East Musa Tengoara Provines, producing possible
recammendations for & sustainable management by the local government.

Material and Method. Field cebacesn boat track-ling swurveys wers condected over 10
deys in Mevernber 2018 with 12 su@v points along the Savu sea, East Muss Tenggars
Province, Indonesia as presented in Flgure 1,
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Figure 1. Station points of the field survay,

In the present study we used several survey tools, including the Maring Conservation
Agency survey bost for surveyor sightings, Global Positioning System {GPS) to rmark
survey points cosrdinates, Nikon D5500 Carnera for cetacean sighting docusrentations,
Drone for 2erial survey boal and cetacean sighting decumentations, Water Quality
Checker be rmeasure In-situ sea water temperature, Binoculars for cetacean sighting
identification, Hydrophone, Cetacean Identification Book for oStacean  species
identification, &rcMap 10.3, SeaDas 7.3, and Er-Mapper software for satellite data
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processing. The MODTS squaTerra leved-3 ol ASCIT data file was downloaded from MASS
link hittps:ffoceancolor.gfsc.nasa.giv (2019) for <ee  surface  lemperatures  and
chlorephyll-g data snalybis.

Field survey method. fEH cbservations were based an & methodelogy used alsa by
Guirest et al 2009, Kahn 2006, Forney B Barlow 1998, Diogou eb & 2019, Perin & al
2018. The use of the zigzag methed aims Lo obtain an estimate of cetacean density and
avoid glare from the sun. The method of field observation§E the observer group
consisted of 4 observers who were placed on the front deck, on the left, center and right
slde of the boat. The design of the ooservation experiment can b2 sean (n Figure 2, The
required figld data s recorded and recorded In the logbook and returmed 1o the original
track. Field gata and information recorded are date and time of appearance of cataceans,
GPS position, angle of cetacean posibon to boskt, relative distance of cetaceans from
boaks, cetacean swimming direction, species, number, sea surface temperature,
chlorephyll-a and cetacaan behavior,
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Figure 2. On board sbserser pasitions during the survey.

Acquisition of satelfite data. Acgusition of MODIS Agua Terrs sabellite leve 3 data
wsed i the studyflere downloaded from Nationd Acronautics and Space Administration
(MA5A 2019) for the see surfece temperabure (SST] and chlorephyll-a data. The study
used original spectral of ASC) lormat level 3 data which was then processed using
SepDes 7.3 software and fdlowed By a cropping at the level of the focused research ares
off Savu S8a.

Satellite data processing method and analysis. The first step of satellite raw data
processing was involving data transform from the original satelfibe raw data in & nurmeric
ASCT farmal concisting of caordinates and S5T or chlorephyll-a data, then transformed
into a spatial layer using an interpolation process based on a geo-statistic gridding
methed using ErMapper and ArcEis 10.3 software [Hartoko & Helmi 200<4; Hartoko el al
2019; Drdo et al 20219,

Results

Distribution of sea surface temperature. Sea surfacs temperature was measurad by
using & water gquality checker Bt 12 stations, in the range of 26.4-30.5°C (Figure TA).
Ses suffece temperstuce bazed on MODIS AquaTerra cateflite daka wee in the range aof
26.7-31 .4°C (Figune 3B], while anahysic of MODIS AguaTerra satellite in Movember 2018
resulted in a S5T range of 26.7-31.4°C. The position choice of stations 1 bo B wes
intended b represent the Alor sbeaik, ctations 7 and B the Lermbata-Lamalara steait and
stations 9-12 the Sawu rait and Rote Ilands, as the entrance gate of the Indian Ooean
into the Savu Sea.

The east monsoon of Movernber 2008 is regarded as the peak of the cetacean
presenie, in opmparson with a lower MODIS sateliite 55T obsarved during the west monsoon
of January ZO1B. More precsely, the recorded S5T in the Sswu Sea dunng the catacean
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presence event in November 2018 was 26.7-78.6°C, exhibitng 4 cooled-pool seswater mass,
coempared to the SST range of 28.6-31.4°%C ocutside of the Savu Ses (Figure 3B).

bEE iR miwed e
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Figera 3. Distribution of 55T from Movember 2018 figld measurament (Figure 34} and
mankthly distibwtion of 55T data from the MORIS AquaTarra satellice (3R],

The results of the monthly SST analysis fer 1 year using MODIS AguaTerra data found that the
loweast S5T detected was recorded inJuly, with a temperature range of 26-27C (Figure 4].
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Figure 4. Monthly average of SST dats from the MODIS sarelice, in Januan-December
A0AE in the Savu Sea.
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The range of S5T recorded before the cetacsan presence event in January 2018 was in
the ramge of 27-32.5'C. The average SST range was higher in December and Janusry
2018, Cetacean sghtings in November 2058 were assessed due ta the incresting aumber
af seawsler mixing processes in the Savu Sea due by the west monsoon winds, The
impact is upwelling so that the Savd Sea has a wamm and nutment-rich 5PL, Therefore,
cetaceans come ke the Savu Sa2a to find food.

Spatial distribution of chiorophyil-a. Monthly spatial analyss of oolorophyll-a
concentrations using the Aqua Terra MODIS level 3 setellite data downloaded from the
official MaSa link hitps:!/oceancoler.gsfconass. gov. Then the chlorophyvll-a dets were
analyzed by the [DL application wsing the kriging analysis method, 5o it was found that
the chilomphyll-a concentration in the Sava Sea wes in the range of 0.5-0,83 mg m
when cetaceans appedred in Movernber 2008 in the Savy Sed (Figune 5).

B e

OBl MO 200 &00 =0 B 1900 = §¥
Figure 5. Monthly average of MODIS Satallite data on chilaroghyll-a concentration,
between January and December 201 8, at Savu Sea.
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In eomparison, the chlomphyll-a concentration during the event wes higher than during
the west-marsoon in January 2018 (before bhe celscean presence in Movermnber 2018],
which was Taund bo Be in the range of 0.34-065 mg m 7, 85 well 85 during the wet
rancoon of January 2010, after Ehe peak cseason, which was in the range of 0.05-1.24
mg m’, &5 it can be seen in Figure 64 and Flgure GE.

]
AMEETH O P
[ Boiiiles
Figure 6. Spatial distribution af chisrophyli-a concentration in January 2018 (A) and
lanuary 2019 (B) in the Sava Sea,

Both before and alter the peak of the cetacean period, the seawater chlorophyll-a was
spread evenly inside and outside of Che Savu Sea. The results of 55T and chlorophyli-a
data extraction from the Aqgua MODIS satellite in the waters of the Savu Sea in 2018, In
order to compare the 55T amd chlorophyll-a distribubon data for the emergence of
CECRCEedNs, Can be ssan in Figure TA and Figure 78,
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Figura 7, Variation in avarage 55T (4); Varation in average chlorophyll-a {E} January-
Dacarmber 2018 af MODLS satallite data,

Judging freem Figures 7A and 7B it can be said that the decrease in SST in April-July is in
thie range of 28-26"C with the chlarophyll-a range increasing from February to July in the
range of 0.1<0.8 mg m™. The presance of cetaceans in Savu waters In Nowember 2018 is
in accordance with manthly 55T and chiorophyll-a wariations [in data from the MODIS
satellite), showing an average 55T of 28,.5°C and an averape chlorophyil-a of 0.4 mg m =

Figld cetacean sightings in the Save seawater. Field chservations in the Sawu Sea
dunng Mowember 2018 reported six species of cataceans, four speces of dolphins and
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i species of whales, Cetacean species and their peroentage of appearance time in
wiater bodies of each species are presentad in Figure 8,
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Figure B, Types of cetaceans and time of appearance of cataceans in the Sevu Saa.

Looking at the graph In Figure 8, It can e seen that 4 spedes of cetaceans were found:
the Fantropical spinning dodphin (Stenela longirostns) was recorded at the survey points
(5T} 1, 2, 3, 4, 6, 10 and 11, showing arcs, the bow and the antenna goes around
behaviors., Pantropical dolphins [(Stensta atferuata] were recorded at the surwey points
(5T} 1, 2, @@and 5 showing air avoigance and aeral behavigrs, The whales recorded
wiarg dwarf killer whales [ Faresa attencvate) and dwarf sperm whales {Kogia breviceps) at
the survey points (5T} 1, 2, 3; and 4 which exhibited avoidance and |ogging behavior,
with an averege appearance time in waber bodies ranging from 006 to .34 hours. The
emergence of cetaceans in the Savu Sea wabers can be 2san in Figure 9.

Figure 10, Dedphin (& and B) and whala {C and &} in the Savw sea during field
observations (originall,

Discussion. The current study revealed that the cetecesn sightings were in accordance
with the fisld 557 spatial distibution data in the rangs of 26,5-30.5%C during November
2018, Thig afudy assemes Che cold pond 55T pattermn recorded during Nevember 2018
(Figures 34, 3B} will b much different from the SST pattern in Decamber 2018 (Figure
4}, with a highes 55T pattern in the Save Ses and the serrounding seawaters. Research
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by Sutton et al (2019), MNationsl Marine Park East Musa Tenggara (2018} and Eahn
(3017 reporbed that the renge of in-situ SST for cetacesns was between 25-33°C. This
ST range wes regerded alés as the aptimum femperature for plankion breeding,
increscing the plankesn density and bisdiversity and ecolegical Functions as migratory
attracter to the area for feeding and mproduction of small fishes, cephalopods and
ultimataly for cetaceans, as the top predator in the food chaim Similar research by
Frantzis at al (2011} showed that whales and dolghins were migrating towards plankton
and prey fch seawaker

The high lewel of primary prmduchwity in Save 5Sea has caused unigue
poEanographical phenomena based on the combination of the S5T (Fgure 38, 38, 4 and
743 and chlorgphyili-a in the seawater mass (Figure 5, 64, 68 and 7B, It is assumed that
the wertical current movement from the sosth Indian Qcean entered through the strait
bBetween Sawwe and the Robe [slénds and resulted in an upweling throegh the main
Lamalera, Alor and Wetar straits. Further northward seawates mass from Indian Ooean
caused a horzantal mixing procest with the Pacific Ocean water mass a1 Bends Sea and
resulted in & nutrient rich Seawaker mass. The kigh nutrents and primery productivity in
the Sevu Ses by measns of phyloplankion biomass was alsp confirmed by the MODIS
cateff@: chiorophyll-a data as in Figure 5. Previous research indicates that the Savu Sea
has a high level of primary productivity as & result of the vertical miking of cool Indian
Oeean wabers under currents that mowve upward inte the Savu Sea, bringing high
guantities of nutrients from th@deeper water column,

The mixing of the ofd Indian Ocean with the warm Pacfic Ocean water increases
the nwtrent concentration and pimary production in the Sevu Ses (Suton et al 2009, U
& Yu 2020) These favorable ecological conditions have attracted some pelagic fish and
obher migratory spacias for feading, inducing their migratory patbarn (Hartoko & Helmi
2004: Chung & Gong 20019: Lyu ef &l 2016). Chlaraphyli-a concentration deta from the
MODIS satellite indicated values in the rangs of DLDG-0.87 mg it during the cetacean
sightings in Sava Sea, in Movember 2018, which was alse confirmed by the ressarch of
Putra ek al [2016). Hue et al (2020) stated that Bwe optimal chisrophyll-a concentratiors
are in the range of 0.02-0.7 mg m'?, indicating a fertile or rich of nutrient seawater.

The high primary productivity in seaswabter will increase the biamass of small fish
species and squid (cephalopods), regarded as the main peey and ultimately attracts
species af marine mammals such as whales and dolphins, which migrate for feeding
iSimond. et al 201%). The current sbedy revealed that the range of chlorophyll-a
concentration insde Ehe Savu Sea 0.6=0.8 mgm ~ was found to be tenfold Righer than in
the surrounding areas, In the Indian Ocean, with only 0.06 mg m™. The tws specles of
whales and four spacies of dolphins observad in the cument shugy were assumsed to be
sultable with this favorable current mizing areas (FCMA} in the Save Sea, with a high
primary proeductivity and an optimuam sea surface temperatures (Hartoke 2009; Hartoko
2010; Sytton et al 2019). The presence of cetaceans with behavior of bow riding
kraveling, bow riding, feeding riding and aerals in the FCMA in the Savu Sea was relabad
ko the migratory behavier and instingt for feeding (Ciogow et ol 2019; Rudelph =t al
1997, Kahn 2087).

The two whale species and four dolphin species observed in this study correspond
to a favorable current mexing area wich high plary productivicy and optimal sea surface
temperature {Sutton et al 20019}, Sightings of the bottlenose dolphin § Tursinps frumncatis)
were found at etations 2, 4 and 7, with bowsriding behavigr. Fraser's doiphin
(Lageradelphis hoser) was foung at stabons 1, 2, 4, 5, 12, with the bow and aerial
behavigr, The pantropical spinning gglphin {Stenafla lpngirpsims) was found at stations 1,
2,3, 4, 6, 10, 11, with bow, traveling, bow riding and aerial behavior, The pantropical
legpard dolphin (Steneffa aitervasin) was found at stations 1, 2, 3, 5 with acral and air
avoidonce behavior, Based on field ebservetion dota, &@hins were found in the sea
surface temperature range of 26.4-30.5°C and chlorophyl-a ranged from 0.3 to 0.6 mg m'%
The dwarf killer whale {Seresa aftenuate] and the dwarf sperm whale [(Kogla breviceps)
were found ab statdons 1, 3, 3, 4, with avoidance and logging behendor, cormesponding to
a ses surface temperatune range betwesn 26.4-28.7°C and chloroghyll 0.2-0.8 mg m,
The average appearance of celaceans in the Savy Ses waters ranges from 0.6 w0 0.34
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hours, Cetacesn observed behevior was of types: traveling by bow, bow, eating, and
space. Cetaceans appearing Bt the maring waters” surface with an average me span of
0.5-0.55 hours shiow migrabery fesding and reproducng behavier (Rudslph et al 1997
Diogau et al 2019},

Conclusions. The ool seswater phenomena in Movember 2018 in the Savu Sea,
comesponding to fiald 55T spatial distibution rangirg from 264 to 30.5°C, was regarded
as tht oceanographic vanable the most influencing on the presence, sghtings and
migating paths of the cotacean at theBavu Seca. The satellite chlomphyll-a concentration
in the Savu Sea, in Nove§Eper 2018, ranged from 0.06 to 0.87 ma m™. Four species of
dolphins were observed ;. thlottenose dolphins (T, trvecatus), the Fraser's dolphins (L
fpsei], the pygmy spinning dolphins (8, lorgipsiris) and the pantropical spotted dalphirs
(5, &ffenvata), and bwo species of whales; the pygmy Kiler whales (F, atlenpaie) and The
vy Sperm wiake (K brevicens).
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