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Abstract. Pieh Islands located at the Western Sumatra is one of the most affected areas by
massive coral bleaching during 2015-2016. The persistence warming or cooling of sea surface
temperature due to regional climate phenomena such as El Niflo Southern Oscillation (ENSO)
and Indian Ocean Dipole (IOD) put the coral reef into stress condition leading into coral
bleaching. However, corals have an ability to recover from such bleaching condition into
normal state by reducing its stressors. A suitable oceanographic condition such as normal range
of temperature and salinity, low nutrient concentration, and low sedimentation rate could
support corals recovery process. This study aims to understand the variability of the ocean and
atmospheric data and its role in coral reef recovery. Data gained from in situ measurements of
water quality at Pieh Marine Conservation Area (PMCA) on June 2018. Several historical
ocean-atmospheric data were collected to analyze their temporal variability. It is confirmed that
the bleaching event was caused by positive IOD and El Nifio condition in 2015-2016.
However, there is the sign of coral reef recovery during 2017-2018 which is suggested due to
the relatively normal condition of the ocean and atmospheric parameters in Pieh Islands.

1. Introduction

Pieh Islands, located at the Western Sumatra, have a huge potential of marine resources such as coral
reef, coral reef fish, sea turtles, and marine mammals [1]. By 2009, Pieh Islands include Pieh, Bando,
Air, Toran, and Pandan Island were appointed as a marine conservation area with almost 39.900 Ha
area. Coral reef becomes their main marine resources and lies on cliff-type bottom topography near the
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coastline. Geographically, Pich Islands located 17 miles away from West Sumatra mainland adjacent
to the Indian Ocean (Figure 1). Thus, understandable that ocean-atmospheric variability at Pieh Islands
is greatly affected by Indian Ocean dynamics.

In annual scale, monsoonal winds dominate ocean-atmosphere variability in Pieh Islands.
Moreover, regional climatic phenomena such as Indian Ocean Dipole (IOD) [2] and Madden-Julian
Oscillation (MJO) also have an important role on affecting temperature and salinity anomalies at inter-
annual and intra-seasonal scale, respectively [3]. Another phenomenon developed in the Pacific Ocean
called El Nifio Southern Oscillation (ENSO) [4], at some rate could affect the ocean dynamics in the
Western Indonesian Seas. It has been reported that 2015 — 2016 were appointed as strongest El Nifio
event. This condition was preceded by the strong positive IOD event in the Indian Ocean during
August to September 2015. Most of the coastal area in the Indo-Pacific Ocean were affected by SST
warming [5]. The persistence of SST warming caused stress and induced coral bleaching. A recent
study has found that corals at Pieh Marine Conservation Area (PMCA) were bleached due to sea
surface temperature (SST) warming. Coral reef health monitoring survey at 12 May 2016 found 89%
of corals at Pieh Island have been bleached, dead, or overgrown with algae. The slightly better
condition was found at Toran Island, with only 37% of corals found to be bleached [6].

However, corals have an ability to recover from bleaching into normal condition. Its resilience
process should be optimally reached if the environmental parameters were in a good and suitable
condition. Physical and chemical oceanographic parameters such as SST, sea surface salinity (SSS),
pH, dissolved oxygen (DO), nitrate, and phosphate are important parameters which affect coral reef
growth [7]. The atmospheric dynamics also have an important role in affecting the oceanographic
variability. So, the aim of this study is to assess the ocean and atmospheric condition at Pieh Islands
before and after El Nifio events in 2015-2016. In addition to time series analysis, spatial variability of
each parameter was analyzed to understand the characteristics of oceanographic parameters of each
location.

2. Materials and methods

Pieh, Bando, Pandan, Toran, Air, Sawo, Bindalang, Sibonta, Sinyaru, Kasiak, Angso Duo, Tengah,
and Ujuang Island (PMCA) were the main area of this study. Recent studies found a distinct response
of corals to the anomalies at Toran and Pieh Island during strong El Nifio. We suggested that spatial
variability of oceanographic parameters could be the cause of this phenomena. Thus, in this study, we
analyzed the temporal and spatial variability of the ocean and atmospheric parameters in Pieh Islands
(Figure 1).

Historical ocean-atmospheric data were collected from several sources. Daily meteorological data
include air temperature, wind speed, and rainfall intensity for the periods 2013-2018 were collected
from Bayur Bay Meteorological Station, Indonesian Meteorological and Climatological Agency
(BMKG). While oceanographic data including SST, SSS, DO, pH, and nutrient were observed at
PMCA on 25-27 June 2018. Observed SST data located at Bungus Bay Padang, Pasumpahan, and
Sibonta Island obtained from Research Center for Coastal Resources and Vulnerability, Ministry of
Marine Affairs and Fisheries (LRSDKP-KKP) were also used in this study. This data was used to
confirm secondary SST data obtained from Extended Reconstructed Sea Surface Temperature version
5 (ERSST v.5). Then, they were analyzed altogether with Oceanic Nifio Index (ONI) 3.4 and Dipole
Mode Index (DMI) obtained from Australian Bureau of Meteorology to overview the impact of
regional climate phenomena on the ocean-atmospheric parameters variabilities.
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Figure 1. The location oceanographic monitoring station at PMCA.
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3. Results and discussion

resolutions.

3.1. Coral bleaching and recovery at PMCA
The coral reef is the main marine resources in PMCA, instead of mangrove and seagrass ecosystem.
Annual monitoring study on coral reef ecosystem has been applied annually since 2010. Coral cover at
PMCA was 24.08% in 2010. Domination of rubbles as the impact of fish-bomb become a highlight at
2010 monitoring data. However, the coral reef is starting to relieve from 2011 to 2014. Corals cover
were increasing from 32.02% in 2011 to 41.88% in 2014. Unfortunately, an extreme decrease of coral
cover was found in 2016 with only 28.38% remains. That extreme change was highly suggested due to
SST warming during El Nifio event. Nonetheless, the sign of coral reef recovery was identified at
PMCA. Recent monitoring data in June-July 2018 show the life coral cover were in the range of 3.20

to 72.33%, with 31.34% average.
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Figure 2. Annual coral cover data obtained from coral reef monitoring activities
conducted by the Center for Conservation of Aquatic Area (LKKPN) Pekanbaru, Sanari,
and Research Center for Oceanography Indonesian Institute of Sciences (LIPI).
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3.2. Meteorological conditions

The daily average of air temperature shown relatively high fluctuation in the range of 23.5 to 32 °C
(Figure 3a). A similar condition was found in rainfall intensity data, which is spanned from 0 to ~400
mm/day (Figure 3b). At the seasonal scale, there are two maximum precipitations; the highest one
occurred in October — November, while the second was occasionally found during April — May. The
amount of precipitation reaches 730 mm/month at the highest, while there is only ~100 mm/month at
the lowest (Figure 4). January — March was appointed as dry season since the precipitation data
reached its lowest value. This condition is agreed to previous study state that West Sumatra belongs to
Region B [8]. As there is a close correlation between precipitation and sedimentation, the huge amount
of rainfall could have an impact on coral reef ecosystem located near to the estuary.
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Figure 3. The atmospheric condition at PMCA observed at Bayur Bay Meteorological Station
BMKG includes a) daily average of air temperature; b) daily rainfall intensity.

Other than precipitation, the air temperature was analyzed due to its significant role in affecting
SST variability. Air temperature showed the clear seasonal signals with warmer temperature during
the peak of the northwest monsoon. At some points, there is an inverse relationship between air
temperature and amount of precipitation. Low air temperatures associated with the huge amount of
precipitation observed in November 2013, October 2014, October 2015, September 2016, and October
2017. Conversely, the high air temperatures data were associated with the low precipitation observed
in April 2013, February 2014, February 2015, March 2016, and February 2018 (Figure 4).
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Figure 4. The monthly variability of rainfall intensity and air
temperature observed at Bayur Bay Meteorological Station BMKG.

Instead of seasonal variability, inter-annual scale and its anomaly were the main focus of this study.
There are several air temperature anomalies during 2015 — 2017. Longer periods of summertime were
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identified in January 2015 — March 2016. Air temperatures were higher than 27.5 °C and followed by
low precipitation during those periods. Also, there is only one peak of maximum precipitation in 2015.
This condition might be correlated to IOD and ENSO event. Positive IOD during April to November
2015 (Figure 5a) lead to SST cooling at the eastern Indian Ocean and reduces evaporation, as well as
precipitation. However, huge precipitation was found in November 2015, which coincides with the
decay of positive IOD. At this phase, suggested that monsoonal wind is more dominant than IOD. The
dry season during positive IOD at April to November 2015 was worsened by strong El Nifio condition
occurred in March 2015 — May 2016 (Figure 5b). PMCA experienced high air temperature and low
precipitation for almost 1.5 years. Fortunately, in May 2016 the negative IOD developed and induced
higher precipitation.
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Figure 5. Indexes for IOD and ENSO activities presented by a) DMI and b) ONI3.4 obtained from
Australian Bureau of Meteorology (2018).

3.3. Oceanographic conditions

The oceanographic condition was measured in June 2018 at the location of the coral reef monitoring
area. Instantaneous measurement using water quality checker shown relatively warm SST in the range
of 29.12 to 30.00°C (Figure 6). SST was varying spatially and the warmer temperature was mostly
found in the near-shore area. It is suggested that shallow-water depth caused intensive SST heating for
entire water column. Spatial variability was also found in SSS data with lower salinity was identified
at the near-shore area. However, SSS in the whole area was relatively high, extended from 33.32 to
35.05 PSU (Figure 6). Such thing is possible due to the minimum amount of precipitation during the
observation periods.

Instead of spatial analysis, time series analysis was applied to ERSST v.5 data at PMCA. ERSST
grid data location is close to observation data at Pasumpahan, Sibonta Island, and Bungus Bay. Hence,
the difference between them was 0.24 °C and 0.09 °C for August and September 2015, respectively
(Figure 7). Based on this data, the impact of IOD and ENSO in Western Sumatra Waters was very
evident. During the phase of positive IOD in April — November 2015, there were positive anomalies of
SST at Western Sumatra waters. Positive IOD moved the convection area into the western Indian
Ocean. At this state, the SST at West Sumatra should be cooler than its climatological values.
However, since there is a lack of evaporation and cloud cover, solar heating became more intensive
and warming the SST. This condition is worsened by the El Nino occurred in May 2015 — May 2016.
Even though the peak of El Nino occurred at the end of 2015, their impact was identified several
months later. The warmest temperature was found in March 2016 at 30.85 °C. A slight decrease in
SST was found in April 2016 and resulting in the mean SST of 30.81 °C. These huge SST anomalies
were suggested as the main factor causing massive coral bleaching in 2016.
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Figure 6. Spatial variability of a) SST and b) SSS data at Pieh Islands Conservation Area.
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Figure 7. Time series SST data obtained from ERSST v.5 compiled with the
measurement using HOBO logger at Pasumpahan Island, Sibonta Island, and
Bungus Bay.

In addition to SST and SSS, we observed pH and DO. The ocean pH suggested has indirect effects
on coral reef growth, especially for hard corals. They need specific pH balance to extract calcium from
seawater to build their stony structures. A similar condition, the decreased DO availability could affect
the coral-algae relationship. Nonetheless, little is known about how the reduced DO concentrations
affect competitiveness dynamics between seaweeds and corals [9]. The range of pH at PMCA was
8.36 — 8.44, while the DO range was 5.00 — 6.80 mg/L (Figure 8). Surprisingly, the concentration of

DO is higher at near-shore than off-shore area. It suggested that the freshwater input from the estuary
bring more oxygen to the sea.
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Figure 9. Spatial variability of a) light visibility in sea water, b) nitrate, and c) phosphate
concentration at Pieh Islands.

Even there is a relatively good pH and DO condition at the near-shore area, the low visibility of
seawater could be the limitation of this area. High seawater visibility was only found at Bando, Pieh,
Pandan, Sibonta, Bindalang, and Toran Island, in the range of 10 to 30 m (Figure 8). It is suggested
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that high visibility of seawater could increase the light penetration needed by coral’s symbiont
(zooxanthellae) and suitable for coral growth. The contrary condition with only 3 — 10 m visibility was
found at the near-shore area. It might be caused by the high concentration of suspended matters caused
by river run-off or intensive vertical mixing at shallow water area. Instead of reducing the light
penetration, the suspended matters could be deposited at the bottom that may impact the coral's
growth.

Apart from the physical oceanographic condition, the chemical parameters such as nitrate and
phosphate were investigated in this study. It is widely known that the nutrient enrichment could harm
the coral reef ecosystem. Based on the observation data, the concentration of phosphate in seawater
was in the range of <0.0085 until 0.10685 mg L', while nitrate concentration was 1.772 to 1.968mg L

! (Figure 9).

4. Conclusion

This study confirms the effect of IOD and ENSO phenomena on massive coral bleaching event at the
PMCA on 2016. Coral bleaching is forced by positive SST anomalies due to positive IOD phase on
April — November 2015 and followed by El Nifio event occurred several months later. Then, normal
condition during 2016 — 2018 has a positive impact on the coral recovery process. There is no
significant SST, air temperature, and precipitation anomalies during those periods. Instantaneous
observation of another oceanographic parameter such as pH, DO, and nutrient concentration in 2018
found that they were suitable for coral reef ecosystem. Except for the visibility, several areas have a
very low light penetration, especially at near-shore areas. The suitable ocean and atmospheric
condition were confirmed by the sign of coral recovery during the period of 2016 — 2018. It was
identified by the increasing coral cover at PMCA.

Acknowledgment

This research was funded by Demand Driven Research Grant (DDRG) 2018, Research Centre for
Oceanography, Indonesian Institute of Sciences (LIPI). Also, we would like to thanks to Bayur Bay
Meteorological Station (BMKG) and Research Centre for Coastal Resources and Vulnerability
(LRSDKP-KKP) for the permission to use their ocean and atmospheric data. Also, we would like to
thanks to CAS-TWAS President’s Fellowship.

References
[1]  Kementerian Kelautan Perikanan 2018 Data Kawasan Konservasi TWP Pulau Pieh Konservasi
dan Keanekaragaman Hayati Laut URL: http://kkji.kp3k.kkp.go.id/index.php/basisdata-
kawasan-konservasi/details/1/70
[2] Wisha U J, Tanto T A and Ilham I 2016 Spatial Distribution of Sea Surface Temperature in
West Sumatera Seawaters associated with Indian Ocean Dipole (IOD) Event in Transitional
Seasons (August-October) Jurnal llmiah Geomatika 22 21-8
Saji N H, Goswami B N, Vinayachandran P N and Yamagata T 1999 A dipole mode in the
tropical Indian Ocean Nature 401 360-3
[3] Napitu A M, Gordon A L and Pujiana K 2015 Intraseasonal sea surface temperature variability
across the Indonesian seas Journal of Climate 28 8710-27
Madden R A and Julian P R 1994 Observations of the 40-50-Day Tropical Oscillation—A
Review Monthly Weather Review 122 814-37
[4] Philander S G H 1983 El Nino Southern Oscillation phenomena Nature 302 295-301
Wang H-J, Zhang R-H, Cole J and Chavez F 1999 El Nino and the related phenomenon
Southern Oscillation (ENSO): The largest signal in interannual climate variation
Proceedings of the National Academy of Sciences of the United States of America 96 11071—
2
[5] Wouthuyzen S, Abrar M and Lorwens J 2018 A comparison between the 2010 and 2016 El-
Nin6 induced coral bleaching in the Indonesian waters /OP Conference Series: Earth and



International Conference on Climate Change IOP Publishing

IOP Conf. Series: Earth and Environmental Science 200 (2018) 012063 doi:10.1088/1755-1315/200/1/012063

Environmental Science 118

Wouthuyzen S, Abrar M and Lorwens J 2015 Coral Bleaching Incidents of 2010 in Indonesian
Waters Revealed Through Analysis of Sea Surface Temperature Oseanologi dan Limnologi
di Indonesia 1 305-27

Johan O, Prasetio A B, Ardi I, Syam A R and Quinn N J 2016 The abundance of ornamental
corals after mass die off in 1997 on the Padang shelf reef system, West Sumatera, Indonesia
Jurnal llmu dan Teknologi Kelautan Tropis 8 29-38

Great Barrier Reef Marine Park Authority 2016 Final report: 2016 coral bleaching event on the
Great Barrier Reef GBRMPA Townsville

Darmawan 2017 Infografis Coral Bleaching di Kawasan TWP Pulau Pieh dan Laut di
Sekitarnya Unit Pelaksana Teknis Loka Kawasan Konservasi Perairan Nasional Pekanbaru
URL: http://Ikkpnpekanbaru.kkp.go.id/infografis-coral-bleaching-di-kawasan-twp-pulau-
pieh-dan-laut-di-sekitarnya

Brown B E and Suharsono 1990 Damage and recovery of coral reefs affected by El Nifio related
sea water warming in the Thousand Island, Indonesia Coral Reefs 8 163—70

Aldrian E and Dwi Susanto R 2003 Identification of three dominant rainfall regions within
Indonesia and their relationship to sea surface temperature [International Journal of
Climatology 23 1435-52

Haas A F, Smith J E, Thompson M and Deheyn D D 2014 Effects of reduced dissolved oxygen
concentrations on physiology and fluorescence of hermatypic corals and benthic algae peerJ
1-19



