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As one of the major blue carbon ecosystems, studying, conserving, and monitoring
seagrass meadows, especially on small populated islands has become very important.
This is due to its vulnerability to anthropogenic and global environmental factors. In this
study, we used image analysis and biological data to map the percent cover of
seagrass, seagrass above-ground biomass, and seagrass below-ground biomass on
the three most populated islands of Spermonde archipelago, Indonesia: Kodingareng
Lompo, Barrang Lompo, and Barrang Caddi. Reflectance and NDVI values of Sentinel-
2 satellite imageries with the acquisition on July 29, 2019, were used to classify and
calculate percent cover and also to estimate above-ground biomass of seagrass
(AGBS). Field data were taken during 3-14 June 2020 on the three islands to measure
above and below-ground biomass (BGBS). The result shows a total area of seagrass
126.37 Ha, which was divided into three categories: medium (30% - 59.9%) with a total
area of 78.38 Ha; rare/low (0% -29.9%) 13.1 Ha, and dense/hight (60% -100%) 34.89
Ha total area. The highest total of seagrass covered area was observed on
Kodingareng Lompo Island (61.07Ha) and Barrang Lompo Island (53.18Ha), while on
Barrangcaddi Island covered area was 12.12Ha. Meanwhile, the total (AGBS) on
Barrang Lompo, Kodingareng Lompo, and Barrangcaddi Islands was 1.83 tons of dry
weight/ha, 1.05 tons of dry weight/ha, and 2.38 tons of dry weight/ha, respectively.
Total BGBS's were reported highest on Barrangcaddi island (8.61 tons of dry
weight/ha), lowest on Kodingareng Lompo island (2.78 tons of dry weight /), and 6.78
tons of dry weight/ha on Barrang Lompo island. There was also a linear correlation
between NDVI value and insitu percent cover with r2 = 0.8255. The framework of this
study can be applied to monitor temporal changes of seagrass meadows distribution
on small islands for a more sustainable ecosystem
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ig Abstract: As one of the major blue carbon ecosystems, studying, conserving, and monitoring seagrass
14 meadows, especially on small populated idands has become very important. This is due to its vulnerability to
15 anthropogenic and global environmental factors. In this study, we used image analysis and biological data to
16 map the percent cover of seagrass, seagrass above-ground biomass, and seagrass below-ground biomass on the
17 three most populated islands of Spermonde archipelago, Indonesia: Kodingareng Lompo, Barrang Lompo, and
18 Barrang Caddi. Reflectance and NDV1 values of Sentinel-2 satellite imageries with the acquisition on July 29,
19 2019, were used to classify and calculate percent cover and also to estimate above-ground biomass of seagrass
20 (AGBYS). Field data were taken during 3-14 June 2020 on the three islands to measure above and bel ow-ground
21 biomass (BGBS). The result shows a total area of seagrass 126.37 Ha, which was divided into three categories:
22 medium (30% - 59.9%) with a total area of 78.38 Ha; rare/low (0% -29.9%) 13.1 Ha, and dense/hight (60% -
23 100%) 34.89 Ha total area. The highest total of seagrass covered area was observed on Kodingareng Lompo
24 Island (61.07H&) and Barrang Lompo Idand (53.18Had), while on Barrangcaddi Island covered area was
25 12.12Ha. Meanwhile, the total (AGBS) on Barrang Lompo, Kodingareng Lompo, and Barrangcaddi I1slands was
26 1.83 tons of dry weight/ha, 1.05 tons of dry weight/ha, and 2.38 tons of dry weight/ha, respectively. Total
27 BGBS's were reported highest on Barrangcaddi island (8.61 tons of dry weight/ha), lowest on Kodingareng
28 Lompo island (2.78 tons of dry weight /), and 6.78 tons of dry weight/ha on Barrang Lompo island. There was
29 aso alinear correlation between NDVI value and insitu percent cover with r2 = 0.8255. The framework of this
30 study can be applied to monitor temporal changes of seagrass meadows distribution on small islands for a more
31 sustainable ecosystem.
gg Keywords: seagrass, biomass, small islands, NDV|, sentinel-2.
34
35 1. Introduction
36
37 Seagrass meadows have a high carbon sink capacity that surpassing even the highest productive terrestrial
38 ecosystems (Krause-jensen et al. 2019). They have a carbon fixation ability that exceeds their metabolic needs,
39 hence alarge proportion of excess organic carbon is transported to the roots and rhizomes where it is stored, and
40 eventually exuded in the sediment to form anaerobic organic-rich soil (autochthonous) (Lyimo. 2016). A study
41 of carbon sequestered capacity of Australian seagrasses estimates annual Corg accumulation of 0.093 to 6.15
42 Mt, with a most probable estimate of 0.93 Mt y—1 (10.1 t. km—2 y—1) (Lavery et.a. 2013). This type of blue
43 carbon ecosystem also has a high global NCP (net carbon production) of 20.73-50.69 Tg C yr—1 which
44 comprises 10-18% of the total carbon storage in the ocean (Duarte et a. 2010; Kennedy et al. 2010).
45 However, human disturbances can negatively affect seagrasses' carbon fixation ability and affect amounts of
46 carbohydrate and starch being sunk in their rhizomes. Their coastal environment habitat is usually subjected to
47 many anthropogenic activities such as sewage disposal, mariculture, propeller boating activities, destructive
ig fishing, construction works and dredging, and increased eutrophication, which are threatening seagrasses into

extinction (Roca et al. 2016). It is believed that about a third to half of the world’s seagrasses have been lost
g? since 1879 and the continuing rate of disappearance is estimated to be 110 km2 per year with net loss rates of
57 0.9% per year (Mcleod et al. 2011). Therefore, the remaining seagrass ecosystems need to be conserved and
protected.

2‘31 To efficiently manage and monitor the seagrass ecosystem for conservation, information on seagrass status in
55 terms of percent cover and biomass needs to be acquired as baseline data. For this purpose, remote sensing has
56 been proven to be an efficient and effective tool. Since the launch of the Sentinel-2 (S2) satellite by the
57 European Space Agency (ESA) in 2015, higher spatial resolution imageries, which are suitable for seagrass
58 mapping, can be acquired. a no cost. The use of this S2 imagery for seagrass meadows ecosystem study
59 recently demonstrated on seagrass beds on French and Spain Atlantic coast (Zoffali et. al. 2020).
60
61
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Spermonde archipelago is a set of tropica small idands between Kalimantan and Sulawes idland of
Indonesia. Three of its most populated islands are Barrang Lompo Island, Barrang Caddi Idland, and
Kodingareng Lompo Idand. On all of these three islands, there is a significant amount of seagrass bed area,
despite the most likely highly anthropogenic disturbance factor occurrence. However, a study to anayze the
percent cover and biomass of these seagrasses has not been done yet.

2. Materialsand M ethods

Study sites

The survey for the research was conducted on three islands, Barrang Lompo (BL), Barrang Caddi (BC), and
Kodingareng Lompo (KL). These three islands are part of Spermonde Archipelago, which islocated west off the
coast of Makassar City, capital of South Sulawesi Province, Indonesia. BL Island islocated at 5 ° 2'43,577"-5°
3'6,491" South Latitude (LS) and 119 ° 19 '38,716 "- 119 ° 19' 49.21" East Longitude (BT), which is 12.48 Km
from Makassar City. Meanwhile, BC Island is located at 5 © 4'46,558 "- 5 ° 5'0,778" South Latitude and 119 °
19'10,557 "- 119 ° 19' 16,21 "East Longitude with a distance of 10.98 Km, while Kodingareng Lompo Idand is
located at 5 ° 8'42,536" - 5 ° 9'9,434 "South Latitude and 119 ° 15 '45,006" - 119 ° 15' 58,540 "East Longitude
with a distance of 15.24 Km. Based on the distance from the mainland, the three islands were included in the
middle zone, with the distance from the mainland’s coastline between 10 - 20 km (Fig.1). Field data were taken
at BL, BC, and KL Islands on June 3-14, 2020. Satellite image data used were Sentinel-2 acquisition 29 July
2019 and Landsat 8 acquisition 6 January 2019.
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Fig 1. Study siteon BL, CD, and KL islands Spermonde Archipelago, South Sulawesi, Indonesia

Satellite Data

Landsat and sentinel-2 image pra-processing

Satellite image data used are Sentinel-2 with acquisition imagery on 29 July 2019 and Landsat 8 on 6 January
2019. Geometrically corrected Sentinel-2 imageries of waters west of South Sulawesi were downloaded from
the European Space Agency (ESA) data portal, while Landsat 8 was downloaded from USGS Glovis.
Atmospheric correction was conducted using radiometric calibration (DN to reflectance) and Dark Object
Subtraction (DOS) to remove the atmospheric effect on the image assuming the darkest pixel value was zero

2
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(Chavez. 1988). Sun glint correction was also applied on Sentinel-2 imagery to correct its sunlight reflection.
This correction was not done on Landsat 8 imagery because the image was clearer. The sharpening from
Landsat 8 image process was done to facilitate interpretation for image classification. Sun glint correction was
carried out using an algorithm developed by Hochberg et al. (2003) refined by Hedley et a. (2005) as in the
following equation:

R’i = Ri — bi (RNIR = MinNIR)..c..eeeeeeereeeeeeeeeeeeeeeeeeeee 1)

R’i = Thei channel value after being reduced; Ri = Initia i channel value; bi= The amount of slope of the
regression; RNIR= NIR channel value; MinNIR= Minimum NIR channel value.

Water column correction (Depth Invariant Index) Corrected images were used to classify shallow-water
habitats and percent cover of seagrass using supervised classification. The flowchart for spatial data processing
and its integration with non-spatial data.

The Depth water column correction method applied was the Invariant Index (DI1) by Lyzenga (1981). The DI
method reduces the influence of the water column so that a clearer image of the shallow water habitat could be
obtained. Points on the sand area were used to build a model to obtain the attenuation coefficient of the water
column. This is because sand objects are easier to recognize, which appears bright white and darker blue as the
water depth increases. The algorithm used in this process was:

DI(ij) = In (Li) - [(KI/K]) 1N (L)oo )
I T (CST6) N () ) P ©)
a=%§_’.. .................................................................... (4)

DIl = Depth Invariant Index; Li= i-band reflectance value; Lj= j-band reflectance value; ki/kj=i and j band
attenuation coefficient ratio; ai= i-band variant; aj= j-band varian; aij= i and j band covariant.

Image classification base on percent cover of seagrass

Images that have been corrected were then classified using the unsupervised classification method (Isoclass).
The result was then reclassify based on ground truth data. The final classification of seagrass percent cover was
divided into three category sparse (0-29.9%), medium (30%-59.9%), and dense (60%-100%). These categories
were then used for determining biomass sampling points.

The classification result mapping accuracy wastested using the error matrix method (confusion matrix) to get
the accuracy value of seagrass habitat mapping. It was done by using a matrix table to compare class
classification results with the class from the field survey (Congalton and Green. 2008). The following were the
formulas used in the error matrix:

NE[ 1 Xu=%oq KX i) 5)

K=— =
N2-3T_ (Xip*X4p)

I mage classification base on density of seagrass

The NDVI (Normalized Difference Vegetation Index) agorithm is often formulated to describe the density
(greenness) conditions of vegetation using the reflectance values of the near-infrared (NIR) and red bands (Pu et
al. 2015). Seagrass beds usually grow around shallow waters with the NDVI index value ranges from -1 to O.
The formula used for NDVI was:

N DY (6)

NIR+Red

NDVI = Normalized difference Vegetation Index; NIR = Short infrared band spectra reflectance; Red = Red
band spectral reflectance.

Field data

Insitu percent cover and biomass sampling

Based on the resulting percent cover categories from image processing, 60 stations were pointed on each of
the idands (20 for each of the categories of sparse, medium, and dense). Insitu percent cover was measured
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inside the 50x50 cm plot by calculating the seagrass density (number of shoots m2) (Kenzieet a. 2001). The
composition of seagrass species was also determined in every plot. Within the bigger plot, a small 20cm x 20cm
plot was made for biomass sampling. This plot was placed based on the types of seagrass that exist so that al
types of seagrass in the plot can be extracted. Samples were taken using a core tool with 5 cm diameter and 100
cm length, by the depth of roots penetration (about 30-40 cm). Vined rhizomes were chopped using a machete
before picking out any sample. Seagrass samples consisting of roots, rhizomes, leaves, and midribs were
collected from each station. Substrate and dirt were cleaned out from the samples and then each of them was put
into alabeled plastic bag for further laboratory analysis.

Biomass analysis

In the laboratory, samples were cut into two parts, the biomass above the sediment or above ground biomass
(AGB) which consists of leaves and leaf midribs, and the below-ground biomass (BGB) which consists of
rhizomes and roots (Rohr et a.2018). The cut seagrasses were then oven-dried (600C) until a constant weight
was achieved (Lyimo. 2016). It was weighted using a 0.01-gram precision level digital scale. Seagrass biomass
per shoot was calculated by dividing the total weight of each sample by the total number of its shoots. The mean
biomass per area (gram/m?2) for each seagrass percent cover category was obtained by multiplying the number
of biomass per shoots with each type of seagrass density. The result value was then multiplied by the area of
each of the percent cover categories to get the total biomass per category.

Regression analysis

The relation between the biomass (AGB, BGB, and total biomass) and the percent cover results on every
isand were determined by regression linear analysis. Regression analysis was also done to find the relation
between field survey data (insitu percent cover and biomass) with spatial data (percent cover and NDVI value).
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3. Result and Discussion
Seagr ass condition by percent cover from image processing

The seagrass cover map was generated using a pixel-based classification (unsupervised method). There were 3
highly populated islands analyzed in the Spermonde Islands. Based on the results, it is known that the seagrass
cover in KL was mainly in the range of 30 - 59.9% coverage, which was 60.38% from its total seagrass area.
The same thing was aso found on BC and BL Island which was dominated by 30-59.9% seagrass coverage,
which was 62.71% and 63.74% from their total seagrass area respectively. The largest coverage type of 3 (three)
idands was the medium coverage which covers 62.02% of all the tota seagrass area. The Spermonde
Archipelago has 683.70 hectares of seagrass, so it can be said that these three islands contribute around 18.48%
of the total seagrass in the Spermonde Archipelago.

(A)

Fig 3. Digtribution of seagrasson (A) BL, (B) BC, and (C) KL islands using Landsat 8 OL| Imagery,
acquisition 6 January 2019 with 30m? spatial resolution
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Fig 4. Percent cover of seagrass on (A) BL, (B) BC, and (C) KL islands using Sentinel 2A Imagery, acquisition
July 29" 2019

Pixel-based analysis was also applied on Landsat 8 OLI imageries to create a seagrass distribution map. Due
to smaller spatial resolution, the analysis of Landsat 8 images was only able to classify up to the aquatic habitat
condition or seagrass distribution (Figure 4 & Table 1). Nevertheless, the results also show the same conditions
as sentinel image results, where the seagrass was dominantly grown in the western area of the islands, while the
eastern part remained barren.
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Table 1. Percent cover of seagrass area from Sentinel-2 imagery classification

Seagrass Percent Cover (%) Area (Ha)
0-29.9 (low) 13.1
30 - 59.9 (medium) 78.38
60 — 100 (high) 34.89
Grand Total 126.37

There is a difference between the total seagrass area calculated with Landsat and Sentinel-2 image processing.
Measurement with Sentinel-2 resulting in a larger seagrass area by 24.2% on KL Idand, 20.7% on BC Idand,
and 60.9% on BL Island. Based on the Sentinel and Landsat imageries analysis, each island has several spots of
dominant and sparse seagrass distribution. The seagrass dominant area at KL and BC Island was mostly on the
west, southwest, to the south of the island, while on the north to the east side, the seagrass distribution was
mostly sparse. Identification from the survey and aerial images indicates that this lack of seagrasses on this side
of the island was due to water depth and human activity that mostly centered on the east side of the idand (the
side that facing the mainland). This side was mostly the main channel for local passenger ships (Figure 5) the
port area of each idand.

Table 2. Total seagrass area by Landsat 8 and Sentinel -2

|dand Area by Landsat Area by Sentinel-2
Area (Ha) Years Area (Ha) Years
BL 20.75 2016 53.18 2019
BC 9.61 2019 12.12 2019
KL 46.30 2019 61.07 2019

The south side of the islands was mostly covered with exposed white sand that made seagrasses difficult to
grow. Meanwhile, the distribution of seagrass on BL Idand was a little different, it was amost evenly
distributed, except at the port side. Most sides of BL Ilands were compacted with house settlements, where
people often dump their household organic waste straight into the sea. The same thing also happened on other
islands' sides with most settlements. Therefore, seagrasses on this side of the islands were dense (Figure 5A, 5C,
and 5E) due to richer organic materials. Nutrient enrichment enhanced seagrass biomass density, particularly in
increasing the shoot biomass (Cabaco et.al. 2013).

Fig 5. KL Idand condition (A1) East side, sparsed seagrass, (A2) West side, seagrass dominated. BC Island
condition (B1) Sparsed seagrass on island’s east side, (B2) Seagrass dominated on island’s west side. BL Island
condition (C1) Sparsed seagrass on island’s east side, (C2) Seagrass dominated on island’s west side

Accuracy test

The accuracy test of the Sentinel-2A image classification results was using field data. Field data used was a
sample of seagrass cover photos that have coordinates. Based on the results of image analysis, the overall
accuracy of kappa value of each image was: KL Idand 75%, BC Island 82.69%, and BL Island 80.60%.
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Seagrass Per cent Cover and Density from Insitu measurement

The result shows seagrass’ density and seagrass percent cover has a sync pattern, from low to high density,
and from rare, medium, and dense categories respectively (Table 3). In some cases, the seagrass density value
may be higher in the percent cover high category, than in the medium or low. The consistent pattern of seagrass
density in all three islands was due to the relatively similar composition of seagrass species in the three percent
cover categorie.

Table 3. Seagrass Density and Percent Cover from in situ Measurement

Density (shoots'm2) Percent Cover (%)
Plot Category
BL BC KL BL BC KL
High 418.2 447 310.733 78.25 76.9 77.867
Medium 367.6 411.8 229.6 45.45 38.95 46.267
Low 239.6 178.2 268.235 23.9 18.6 20

The Composition of seagrass species was dominated by Thalassia hemprichii in all categories, except for the
rare percent cover category on KL Island which was dominated by Cymodocea rotundata (Figure 6).
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Fig 6. Percent cover of each seagrass species’ based on plot categoriesin (A) BL, (B) KL, and (C) BC.

Correlation between Density of Seagrass using NDVI Algoritma and Percent Cover of Seagrass using
Insitu Data

NDVI has been widely used in several studies in Indonesia to estimate vegetation biomass, greenness level,
primary production, and dominant species in vegetation. The NDVI index value ranges from -1.00<NDVI<1.00.
The principle of NDVI is to measure the level of greenness intensity. The intensity of greenness in Landsat
images correlates with the level of density of vegetation’s canopy.
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Fig 7. NDVI valueson KL, BC and BL islands

The relationship between the percent cover of seagrass from field measurements and NDVI value was
analyzed using algorithmic modeling with linear regression. The regression equation was obtained from the
relationship between the NDVI value of Sentinel 2 image and the percent value of seagrass cover insitu. The
algorithm obtained was y = 0.0053x-0.785. There isalinear correlation between NDVI and insitu percent cover
with r? value of 0.8255. Based on the r value obtained, it indicates that there is a close relationship between the
NDVI vaue of satellite images and the percent value of actual seagrass cover (Figure 8).
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Fig 8. Average in situ Percent cover (PC) vs NDVI vaue on the three islands

Seagrass Biomass
Total Biomass

In al idands and seagrass cover categories, below-ground biomass (SBG) was higher than above-ground
biomass (SAGB). SBG value on BL Idand on average was four times higher than SAGB. Meanwhile, on the
other two idands, the ratio was smaller, which was about three to three and a half times higher (Table 3).
Biomass stored under the substrate is one form of seagrass adaptation. Seagrass grows in shallow waters which
made it very vulnerable to the influence of waves. Without special adaptation, it can be easily uprooted by the
waves. One form of the adaptations is by storing more photosynthetic products under the ground than above.
Therefore, it can stay still under the impact of waves.

Among the three idands, the highest average biomass was found on BC Idand, for SGB, SAGB, and total
biomass (Table 4). This is due to the large composition of E. acoroides especialy in the dense percent cover
category (Figure 6). The cover percentage of E. acoroides reached 23.2% or about 30% of the total seagrass
cover in the solid category of the idand. E. acoroides is a large seagrass (Waycott et a. 2004). This species of
seagrassisthe largest in Indonesia.
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Tabel 4. Dry weight Seagrass biomass base on a high, medium, and low category on BL, BC, and KL islands

Biomass (dry weight ton /ha)

L ocation Category Above ground Below ground Total
High 1.05 3.49 4.55
BL Idand Medium 0.58 2.33 29
Low 0.2 0.96 1.17
High 0.48 1.28 1.76
KL Island Medium 0.46 1.01 1.47
Low 0.11 0.49 0.6
High 1.33 4.83 6.16
BC Island Medium 0.75 2.75 35
Low 0.3 1.03 1.33

Fig 9. Field photograph of the low, medium, and high seagrass categories on KL and BL islands

On the overall seagrass categories in the three different idands, below-ground biomass (SBG) is generally
weighted more than above-ground biomass (SAG). Seagrasses on three different isands were dominated by
high or dense categories. There was a total of 8.62 ton dry weight/ha seagrass biomass on BL island, 3.83 ton
dry weight/haon KL island, and 10.99 ton dry weight/ha on BC island.

Correlation between Biomass insitu and NDVI

The correliniarity test between the total biomass value and the NDVI value on the island of BL obtained R
value of 0.919, BL was 0.724 and BC was 0.801. The correliniarity value indicates a significant correlation
between the total biomass value and the NDVI value on the BL idland. In general, percent cover and carbon
biomass of seagrass show a linear relation. However, only on BL Island, the resulting linear regression model
shows a strong enough correlation to describe the two ecological parameters of the seagrass (R2 = 0.8443),
while the other two islands have a weaker correlation to describe this relationship (R2 = 0.5239 and 0.6421)
(Figure 9). Moreover, on BL Island, the biomass value is having more variation in the dense seagrass cover
category than in the low and medium (Table 4). This is due to the various species composition. Some plots
were T. hemprichii dominant, while other plots were more E acoroides dominant. Morphologicaly, the two
seagrasses have different sizes, therefore at the same cover percentage, they have very different biomass values.
In the rare and medium seagrass cover categories T. hemprichii was consistently being the dominant species.

Furthermore, in the dense seagrass cover category, there was quite a lot of overlap between leaves, especialy
with the T. hemprichii species. In some plots (Figure 9), alarge addition of seagrass cover value can only cause
asmall increase in biomass value. Meanwhile, in other plots, the addition of the same amount of seagrass cover
value can add a substantial biomass value. However, in the sparse and medium seagrass cover categories, the
overlap between leaves was less. According to Mallombassi et a (2020), the high slope value of T.
hemprichii seagrass regression equation at high percent cover was because of the overlapped leaf canopy,
resulting in a high increase of biomass value despite the small addition of the percent cover.

The, E. acoroidesand C. rotundata were significantly contributed in the medium to sparse percent cover
category KL and BC Islands. This causes the biomass values of those two categories were largely variates. The
contribution of the two seagrasses was about half of the dominant species T. hemprichii, while on BL Island it
can reach a quarter in the same category.
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Fig 10. Regression analysis of seagrass biomass and NDVI on BL, BC, and KL islands.

4, Conclusions

Here is alinear correlation between NDVI and insitu percent cover. Insitu measurement shows a significant
result with Sentinel image processing for seagrass percent cover at different density levels. However, this
method cannot be applied to differentiate seagrass density based on species but is capable to be applied for
seagrass condition monitoring.
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As one of the major blue carbon ecosystems, studying, conserving, and monitoring
seagrass meadows, especially on small populated islands, has become very important
due to its vulnerability to anthropogenic and global environmental factors. In this study,
we used satellites’ images analysis and biological data to map seagrass percent cover
(SPC), above-ground biomass (AGB), and below-ground biomass (BGB) on the three
most populated islands of Spermonde archipelago, Indonesia, i.e. , Kodingareng
Lompo, Barrang Lompo, and Barrang Caddi. Reflectance and Normalized Difference
Vegetation Index (NDVI) values of Sentinel-2 (S2) imagery was used to classify and
calculate SPC and AGB. In situ biological data measurements were carried out from 3
to 14 of June, 2020, on the three islands to measureAGB and BGB. The result from
image classification shows a total area of 126.37 Ha of seagrass, which was divided
into three SPC categories: medium (30% - 59.9%) with a total area of 78.38 Ha; low
(0% -29.9%) with a total area of 13.1 Ha, and high (60% -100%) with a total area 34.89
Ha. The highest SPC area was observed on Kodingareng Lompo island with 61.07Ha,
followed by Barrang Lompo island with 53.18Ha, and Barrangcaddi island with
12.12Ha. The total AGB on Barrang Lompo, Kodingareng Lompo, and Barrangcaddi in
tons of dry weight/ha were 1.83 , 1.05, and 2.38, respectively. The highest BGB was
reported on Barrangcaddi island with 8.61 tons of dry weight/ha, followed by Barrang
Lompo island with 6.78 tons of dry weight/ha, and Kodingareng Lompo island with 2.78
tons of dry weight/ha. Regression analysis showed a linear correlation between NDVI
value and in situ SPC with R 2 = 0.8255. The framework of this study can be
applied to monitor temporal changes of seagrass meadows distribution on small
islands for a more sustainable ecosystem.
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Abstract: As one of the maor blue carbon ecosystems, studying, conserving, and monitoring seagrass
meadows, especially on small populated islands, has become very important due to their vulnerability to
anthropogenic and global environmental factors. In this study, we used satellite image analysis and biological
data to map seagrass percent cover (SPC), above-ground biomass (AGB), and below-ground biomass (BGB) on
the three most populated islands of the Spermonde Archipelago, Indonesia, i.e., Kodingareng Lompo, Barrang
Lompo, and Barrang Caddi. Reflectance and Normalized Difference Vegetation Index (NDVI) values of
Sentinel-2 (S2) imagery weres used to classify and calculate SPC and AGB. In situ biologica data
measurements were carried out from 3 to 14 of June, 2020, on the three islands to measure AGB and BGB. The
result from image classification shows a total area of 126.37 Ha of seagrass, which was divided into three SPC
categories: medium (30-59.9%) with atotal area of 78.38 Ha; low (0-29.9%) with atotal area of 13.1 Ha; and
high (60-100%) with a total area of 34.89 Ha. The highest SPC area was observed on Kodingareng Lompo
Island with 61.07Ha, followed by Barrang Lompo Island with 53.18Ha, and Barrangcaddi Island with 12.12Ha.
The total AGB on Barrang Lompo, Kodingareng Lompo, and Barrangcaddi in tons of dry weight/hawere 1.83 ,
1.05, and 2.38, respectively. The highest BGB was reported on Barrangcaddi Island with 8.61 tons of dry
weight/ha, followed by Barrang Lompo Island with 6.78 tons of dry weight/ha, and Kodingareng Lompo Island
with 2.78 tons of dry weight/ha. Regression analysis showed a linear correlation between NDVI value and in
situ SPC with R? = 0.8255. The framework of this study can be applied to monitor temporal changes of seagrass

meadows distribution on small islands to promote a more sustainable ecosystem.

K eywor ds: biomass, NDV1, seagrass, sentinel-2, small islands

1. Introduction

Seagrass meadows have a high carbon sink capacity that surpasses even highly productive terrestria
ecosystems (Krause-jensen et al. 2019). Seagrass meadows have a carbon fixation ability that exceeds their
metabolic needs; hence a large proportion of excess organic carbon is transported to the roots and rhizomes
where it is stored and eventually exuded in the sediment to form anaerobic organic-rich soil (autochthonous)

(Lyimo. 2016). A study of the carbon sequestered capacity of Australian seagrasses estimates annual organic

1
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carbon (Cag) accumulation to be between 0.093 and 6.15 Mt, with a most probable estimation of 0.93 Mt y*
(10.1t. km™2 y1) (Lavery et a. 2013). This type of blue carbon ecosystem also has a high global net carbon
production (NCP) of 20.73-50.69 Tg C yr™*, which comprises 10-18% of the total carbon storage in the ocean
(Duarte et al. 2010; Kennedy et al. 2010).

However, disturbances caused by humans can negatively influence the carbon fixation ability of seagrasses
and affect the amount of carbohydrate and starch being stored in their rhizomes. Growing in coasta
environments, seagrasses are usualy subjected to many anthropogenic activities e.g., sewage disposal,
mariculture, propeller boating activities, destructive fishing, construction works, dredging, and eutrophication,
which threatens their ecosystems and can lead to extinction (Roca et a. 2016). It is believed that about a third to
half of the world’s seagrasses have been lost since 1879 and the continuing rate of disappearance is estimated to
be 110 km? per year with net loss rates of 0.9% per year before 1940 to 7% since 1990 (Waycott et al. 2009).
Therefore, the remaining seagrass ecosystems need to be conserved and protected.

Information on seagrass status in terms of percent cover and biomass needs to be acquired as baseline data to
efficiently manage and monitor the seagrass ecosystems for conservation purposes. Remote sensing techniques
have proven to be efficient and effective tools for seagrass monitoring. Since launched by the European Space
Agency (ESA) in 2015, Sentinel-2 (S2) images with higher spatial resolution that are suitable for seagrass
mapping, have been available and can be acquired at no cost. The use of S2 imagery for seagrass meadows
ecosystem study was recently demonstrated with regard to seagrass beds on the Atlantic coasts of France and
Spain (Zoffoli et. al. 2020).

Spermonde Archipelago is a set of small tropical islands between Kalimantan and Sulawesi islands in
Indonesia. Three of its most populated islands are Barrang Lompo, Barrang Caddi, and Kodingareng Lompo.
Despite high anthropogenic disturbance factors most likely occurring on these islands, there are still significant
amounts of seagrass ecosystems that can be found on these islands. However, a study to analyze the percent
cover and biomass of these seagrasses has not been done yet. The main objective of this study isto map seagrass
distribution and the total areas on the three most populated islands in the Spermonde Archipelago using two
different spatial resolution imageries, Sentinel-2 and Landsat 8. Several variables, including seagrass density
and biomass, were measured directly in the field in order to find a correlation between in situ values and NDVI

values derived from Landsat 8 and Sentinel-2 image analysis.

2. Materialsand M ethods

2.1 Study Sites

This study was conducted on three islands: Barrang Lompo (BL), Barrang Caddi (BC), and Kodingareng
Lompo (KL). These three islands are part of the Spermonde Archipelago, which is located west off the coast of
Makassar City, capital of South Sulawesi Province, Indonesia. BL Island is located at 5°2'43,577"-5°3'6,491"
South Latitude (SL) and 119°19'38,716"-119°19'49.21" East Longitude (EL), which is 12.48 Km from
Makassar City. Meanwhile, BC Island is located at 5°4'46,558"-5°5'0,778" SL and 119°19'10,557"—
119°19'16,21" EL with adistance of 10.98 Km from Makassar City, while K odingareng Lompo Island is located
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at 5°8'42,536"-5°9'9,434" SL and 119°1545,006"-119°15'58,540" EL lwith a distance of 15.24 Km| from
Makassar City. Based on the distance from the mainland, the three islands were included in the middle zone,
with the distance from the mainland coastline between 10-20 km (Fig.1). Field data were taken at BL, BC, and
KL islands from 3 to 14 June 2020. Data derived from satellite images used for this study were acquired from
S2 on July 29" 2019 and from Landsat 8 (L8) on January 6™ 2019.

Fig 1. Study site on BL (Barrang Lompo), BC (Barrang Caddi), and KL (Kodingareng Lompo) islands,
Spermonde Archipelago, South Sulawesi, Indonesia

2.2 Satellite Data

2.2.1 Landsat 8 and Sentinel-2 Image Pre-processing

Satellite image data used in this study were acquired from S2 on July 29" 2019 and L8 on January 6™ 2019.
Geometrically corrected S2 images of waters west of South Sulawesi were downloaded from the European
Space Agency (ESA) data portal, while images from Landsat 8 were downloaded from USGS Glovis.
Atmospheric correction was conducted using radiometric calibration (DN to reflectance) and Dark Object
Subtraction (DOS) to remove the atmospheric effect on the images, assuming the darkest pixel value was zero
(Chavez. 1988). Sun glint correction was applied on S2 imagery to correct sunlight reflection. This correction
was not performed on L8 imagery as the images were clear enough, however a pan-sharpening technique was
performed to facilitate interpretation for image classification. Sun glint correction for S2 imagery was carried
out using an algorithm developed by Hochberg et a. (2003) and refined by Hedley et a. (2005) as in the

following equation:

[r.
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R’i = Ri — bi (RNIR — MinNIR) o))

'R'i = The i channel vaue after being reduced; Ri = Initial i channel value; bi = The amount of slope of the
regression; RNIR = NIR channel value; MinNIR = Minimum NIR channel value.

Athmospheric corrections and water column correction were applied to the images to classify shallow-
water habitats and seagrass percent cover (SPC) using supervised classification. The flowchart for spatial data
processing and its integration with non-spatial data can be seen in Figure 2.Water column correction method
was applied to the images using Depth Invariant Index (DII) algorithm by Lyzenga (1981). The DIl method
reduces the influence of the water column so that clearer images of shallow water habitats could be obtained.
Points on the sand area were used to build a model to obtain the attenuation coefficient of the water column.
This is because sand objects are easier to recognize in the images, with the bright white appearance becoming a
darker blue color asthe water depth increases. The agorithm used in this process was:

DII(ij) = In (Li) - [(Ki/Kj) In (Lj)] @
Kifkj = a- [(Ki/Kj) In (Lj)] @3
@

DIl = Depth Invariant Index; Li = i-band reflectance value; Lj = j-band reflectance value; ki/kj =i and j band

attenuation coefficient ratio; ai = i-band variant; oj = j-band varian; aij =i and j band covariant.

2.2.2 Image Classification Based on SPC

Images that have been corrected were then classified using an unsupervised classification method (Isoclass).
The results were then reclassified based on ground truth data. The final classification of SPC was divided into
three categories i.e., low (0-29.9%), medium (30-59.9%), and high (60-100%). These categories were then

used to determine biomass sampling points.

The classification mapping accuracy was tested using a confusion matrix method to calculate the accuracy
value of seagrass habitat mapping. It was done by using a matrix table that compares classes from satellite
image classification with in situ data (Congalton and Green. 2008). The error matrix method used in this study

followed the following formula:

N3l ) X1=Yio Kig *X 1)
K = NZi=1 i=1(Xi 5
NZ-3T_ (Xi4#X 1) ( )

2.2.3 Image Classification Based on Seagrass Density

The NDVI (Normalized Difference Vegetation Index) algorithm has been used to measure vegetation density
level (greenness) using the reflectance values of the near-infrared (NIR) and red bands (Pu et a. 2015). Seagrass
beds usually grow in shallow waters, with the NDVI index value ranging from -1 to 0. The formula used for
NDVI was:
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NDVI = Normalized difference Vegetation Index; NIR = Short infrared band spectral reflectance; Red = Red

band spectral reflectance.

2.3 Field data
2.3.11n Situ SPC and Biomass Sampling

Based on the unsupervised SPC image classification, 60 stations were designated on each island as the
sampling points (20 for each SPC categories i.e., low, medium, and high). In situ measurements of SPC and
seagrass density were carried out by using a 50 cm x 50 cm plot (McKenzie et al. 2001). Seagrass species were
also identified in every plot. A smaller plot (20 cm x 20 cm plot) was placed within the bigger plot to measure
seagrass biomass. The plot was placed based on the types of seagrasses that exist within the bigger plot so that
all types of seagrasses in the plot could be extracted. Seagrass biomass samples were collected with roots up to
40 cm long.-Vined rhizomes were chopped using a machete before picking out any sample. Seagrass samples
consisting of roots, rhizomes, leaves, and midribs were collected from each station. Substrate and dirt were
cleaned away from the samples and then each of them was put into a labeled plastic bag for further laboratory

anaysis.
2.3.2Biomass Analysis

In the laboratory, samples were cut into two parts, the biomass above the sediment or above ground biomass
(AGB) which consists of leaves and leaf midribs, and the below-ground biomass (BGB) which consists of
rhizomes and roots (Rohr et a.2018). The samples were then oven-dried (60°C) until a constant weight was
achieved (Lyimo. 2016). Samples were then weighted using a 0.01-gram precision level digital scale. Seagrass
biomass per shoot was calculated by dividing the total weight of each sample by the total number of its shoots.
The mean biomass per area (gram/m?) for each seagrass percent cover category was obtained by multiplying the
number of biomass per shoots with each type of seagrass density. The result value was then multiplied by the

area of each of the percent cover categories to get the total biomass per category .

2.3.3 Regression Analysis

The corelation between biomass (AGB, BGB, and total biomass) and the SPC results on every island was
determined using regression linear analysis. Regression anaysis was also performed to find the corelation

between field survey data (in situ percent cover and biomass) with spatial data (percent cover and NDVI value).
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Fig 2. Flowchart analysis of integration image and in situ data to seagrass biomass

3. Result and Discussion
3.1 SPC Based on I mage Classification

The seagrass maps were generated using a pixel-based classification method (unsupervised classification). 3
highly populated islands in the Spermonde Archipelago were analyzed in this study. Based on the results, SPC
in KL was mainly in the range between 30-59.9% (medium), which accounts for 60.38% of the total seagrass
area on thisisland. Similarly, SPC on BC and BL islands were also mainly characterized by the medium SPC
category, which accounts for 62.71% and 63.74%, respectively, of the total seagrass areas that were identified
on each island. Overall, medium SPC category accounts for 62.02% of the total seagrass areaidentified on these
three islands. Spermonde Archipelago has 683.70 hectares of seagrass, so it can be said that these three islands
contribute around 18.48% of the total seagrassin the Spermonde Archipelago.
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Fig 3. Seagrass distribution maps of (A) Barrang Lompo, (B) Barrang Caddi, and (C) Kodingareng Lompo
using 10m spatial resolution Sentinel-2 imagery, with the acquisition date on July 29" 2019. Seagrass were
categorized into three classes, i.e., 0-29,9% (low), 30-59.9% (medium) and 60-100% (high)

Pixel-based analysis was aso applied on L8 images to create seagrass distribution maps on each island (Fig.
4). Due to its lower spatial resolution (30 m) seagrass mapping using L8 was only up to the aguatic habitat
condition or seagrass distribution that was able to be classified using L8 (Fig. 3; Table 1). Nevertheless, the
results between L8 and S2 show similar seagrass spatial distribution. As can be seen in Figure 3 and Figure 4,

seagrass is dominantly grown in the western area of the islands, while the eastern part remained barren.

Table 1. Percent cover of seagrass area from Sentinel-2 imagery classification

Seagrass Per cent Cover (%) Area (Ha)
0-29.9 (low) 131
30 - 59.9 (medium) 78.38
60 — 100 (high) 34.89
Grand Total 126.37




Fig 4. Seagrass distribution maps of (A) Barrang Lompo, (B) Barrang Caddi (C), and (C) Kodingareng Lompo
using 30m? spatial resolution Landsat 8 OLI Imagery acquired on January 61 2019

There were differences in total seagrass areas calculated with L8 and S2 image processing. Calculation with
S2 resulted in a larger seagrass area by 24.2% on KL Island, 20.7% on BC Island, and 60.9% on BL Island
compared with L8. Seagrass maps of KL and BC islands show that each island has several dominant and sparse
seagrass distribution spots. The seagrass dominant areas at KL and BC islands were mostly on the west,
southwest, to the south of the island, while on the north to the east side of the islands, the seagrass distribution
was mostly sparse. Identification from the survey and aerial images indicate that lack of seagrasses on the east
sides of the islands was due to water depth and human activities mostly centered on the east side of the island
(the side that faces the mainland). This side was the main channel for local passenger ships (Fig. 5: A1, B1, C1)

and the port area of each island.

Table 2. Total seagrass area by Landsat 8 and Sentinel -2

Area by Landsat Area by Sentinel-2
'sland Area (Ha) Years Area (Ha) Years
BL 37.66 2019 53.18 2019
BC 9.61 2019 12.12 2019
KL 46.30 2019 61.07 2019

The south side of BC and KL islands were mostly covered with white sands which were exposed during low
tide and therefore not suitable for seagrass to grow. Seagrass distribution on BL Island was amost evenly
distributed on each side of the island, except at the areas around the main port. BL is a highly populated island
and packed with house settlements. People often dispose their household organic waste on the west side of the
island, with the waste entering straight into the sea and the same thing occurs on the other islands. Hence, due to
this activity, disposed organic materias on this side of the island has resulted in increasing organic nutrients
inputs which support seagrass growth. As can be seen in the Figure 5A2, 5B2, and 5C2 there are more seagrass
beds that can be observed on the west sides of these islands due to the disposal of richer organic materials
compared to the east sides (Fig. 5A1, 5B1, 5C1). Nutrient enrichment enhanced seagrass biomass density,
particularly in increasing the shoot biomass (Cabaco et.al. 2013).
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Fig 5. Aerial photographs showing the shallow water condition on the east and the west side of Kodingareng
Kompo (A1-A2), Barrang Caddi (B1-B2) and Barrang Lompo (C1-C2) islands. The east sides of the islands
(A1, B1 and C1) showed less seagrass beds than the west sides of theislands (A2, B2, C2).

3.2 Accuracy Test

The accuracy test of the S2 image classification results was obtained using field data. Field data used was a
sample of seagrass cover photos that have coordinates. Based on the image analysis results, the overall accuracy
of the kappa value of each image was: KL Island 75%, BC Island 82.69%, and BL Island 80.60%.

3.3 Seagrass Percent Cover (SPC) and Density from In Situ M easurement

The result from in situ measurement shows that seagrass density and SPC have a synched pattern, from
low to high density, and low, medium, and high categories, respectively (Table 3). In some cases, the seagrass
density value may be higher in the percent cover high category than in the medium or low category. The
consistent pattern of seagrass density in al threeislandsis more likely due to the relatively similar composition

of seagrass speciesin the three percent cover categories.

Table 3. Seagrass Density and Percent Cover from in situ Measurement

Density (shoots/m?) Per cent Cover (%)
Plot Category
BL BC KL BL BC KL
High 418.2 447 310.733 78.25 76.9 77.867
Medium 367.6 411.8 229.6 45.45 38.95 46.267
Low 239.6 178.2 268.235 239 18.6 20

Note: BL = Barrrang Lompo, BC = Barrang Caddi, KL = Kodingareng Lompo

Six species of seagrass were found on the three islands, i.e, Enhalus acoroides, Thalassia hemprichii,
Cymodocea rotundata, Halodule uninervis, Halophila ovalis dan Syringodium isoetifolium. Seagrass
composition was dominated by T. hemprichii in al categories. An exception was found on KL Island where C.
rotundata dominated the low category (Fig. 6).
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Fig 6. Percent cover of each seagrass 'species’ based on plot categoriesin (A) Barrang Lompo, (B) Kodingareng

Lompo, and (C) Barrang Caddi

3.4 Correlation between Density of Seagrass using NDVI Algorithm and Percent Cover of Seagrass using

In situ Data

NDVI has been widely used in severa studies in Indonesia to estimate vegetation biomass, greenness level,

primary production, and dominant species in vegetation. The NDVI index value ranges from -1.00-1.00. The

principle of NDV1 is to measure the level of greenness intensity. The intensity of greennessin Sentinel-2 (Fig.

7) and Landsat 8 (Fig. 8) images correlates with the level of density of the vegetation canopy.

10
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4259 The relationship between SPC from field measurements and NDVI values was analyzed using agorithmic
43260 modeling with linear regression. The regression equation was obtained from the relationship between the NDVI

261  vaue of S2 images and the value of in situ SPC. The algorithm obtained was y = 0.0053x - 0.785. Regression
46262 analysis shows a linear correlation between NDVI and in situ data with R? value of 0.8255. The R-value
47263 indicates a strong relationship between the in situ SPC and the NDV | values of satellite images (Fig. 9).
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Fig 9. Correlation analysis of SPC between in situ measurement and NDVI values on the three islands; (A)

Sentinel-2 imagery, (B) Landsat 8 imagery

3.5 Seagrass Biomass
3.5.1 Total Biomass

Results from laboratory analysis showed seagrass BGB in al islands and in each seagrass cover category were
higher than AGB. Seagrass BGB vaue on BL Island on average was four times higher than AGB. Meanwhile,
the ratio was smaller on the other two islands, which was about three to three and a half times higher (Table 3).
Biomass stored under the substrate is one of the forms of seagrass adaptation. Seagrass grows in shallow waters,
which makes it very vulnerable to the influence of waves. Without specific adaptation, seagrass can be easily
uprooted by the waves. Seagrass adapts by storing more photosynthetic products under the ground than above,
therefore, it can stay still under the impact of waves.

Among the three islands, the highest average biomass was found on BC Island, either for BGB, AGB, or the
total biomass (Table 4). Thisis more likely due to the large composition of E. acoroides, especialy in the high-
percent cover category (Fig. 6). The percent cover of E. acoroides reached 23.2% or about 30% of the total
seagrass cover in hhe high category lof theisland. E. acoroides is a large seagrass species (Waycott et a. 2004)

and the largest seagrass species that can be found in Indonesia.

Table 4. Seagrass biomass in the study |ocations based on high, medium, and low categories

Biomass (dry weight ton /ha)

L ocation Category
Above ground Below ground Total
High 1.05 3.49 4.55
Barrang Lompo Medium 0.58 2.33 29
Low 0.2 0.96 1.17
High 0.48 1.28 1.76
Kodingareng Lompo Medium 0.46 1.01 1.47
Low 0.11 0.49 0.6
High 1.33 4.83 6.16
Barrang Caddi Medium 0.75 2.75 35
Low 0.3 1.03 133
12
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Fig 10. Field photographs of the low, medium, and high seagrass categories on Kodingareng Lompo and

Barrang Lompo

Seagrass BGB was generally weighted higher than ABG in the seagrass categories on the three islands. High
categories dominated seagrasses on the three different islands. There was a total of 8.62 ton dry weight/ha
seagrass biomass on BL Island, 3.83 ton dry weight/haon KL Island, and 10.99 ton dry weight/haon BC Island.

3.5.2 Correlation between Biomass In Situ and NDVI

The correlation between the total biomass and the NDVI values of the three islands was analyzed. R? values
acquired from regression analysis were 0.40 for Landsat 8, and 0.43 for Sentinel-2. These R?-values indicate a
low correlation between the total biomass value and the NDVI value. Overal, NDVI and carbon biomass of
seagrass showed a linear relation (Fig. 11). The higher the total biomass value, the closer the NDV1 vaue will
be to 0 (solid seagrass cover condition), while the lower the total biomass value, the closer the NDVI value will
beto -1 (low seagrass cover condition).

Moreover, on BL Island, the biomass value has more variation in the high seagrass cover category than in the

|I0vw and medium categories [Table 4). This is due to the various species composition. Some plots were T.

[r.

ted [cj4]: Is this low and medium categories?

hemprichii dominant, while other plots were more E acoroides dominant. Morphologically, the two seagrasses
have different sizes, therefore at the same cover percentage, they have very different biomass values. In the low
and medium seagrass cover categories T. hemprichii was consistently the dominant species.

Furthermore, in the high seagrass cover category, there was quite a lot of overlap between leaves, especialy
with the T. hemprichii species. In some plots (Fig. 10), alarge addition of seagrass cover value can only cause a
small increase in biomass value. Meanwhile, in other plots, the addition of the same amount of seagrass cover
value can add a substantial biomass value. However, in the high and medium seagrass cover categories, the
overlap between leaves was less. According to Mallombassi, et a (2020), the high slope vaue of T.
hemprichii seagrass regression equation at high percent cover was because of the overlapping leaf canopy,
resulting in a high increase of biomass value despite the small addition of the percent cover.

E. acoroides and C. rotundata significantly contributed to the medium to sparse percent cover category on
KL and BC islands. This causes the biomass values of those two categories to vary largely. The contribution of
the two seagrasses was about half of the dominant species T. hemprichii, while on BL Island it can reach a

quarter in the same category.

13
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Fig 11. Regression analysis of seagrass biomass and NDVI on Barrang Lompo, Barrang Caddi, and
Kodingareng Lompo islands; (A) Sentinel-2 imagery, (B) Landsat 8 imagery

4. Conclusions

The result of this study showed that there is a strong correlation between in situ seagrass percent cover and
NDVI values derived from the two satellite images. However, the correlation between in situ seagrass total
biomass and the NDV I values showed a relatively weak correlation. Image classification showed that seagrass
was distributed mostly on the west side of the islands, and there were 6 seagrass species identified on the sites,
i.e., E. acoroides, T. hemprichii, C. rotundata, H. uninervis, H. ovalis and S. isoetifolium. In this study we also
discovered that there was a disparity of seagrass total cover area between Sentinel-2 and Landsat 8, due to
spatial resolution diferrences. Sentinel-2 images were able to classify seagrass distribution up to the seagrass
density category, however, they cannot be applied to differentiate seagrass density based on species.
Nevertheless, both Sentinel-2 and Landsat 8 are useful for seagrass condition monitoring purposes.
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Abstract: As one of the mgor blue carbon ecosystems, studying, conserving, and monitoring seagrass
meadows, especially on small populated isands, has become very important due to their vulnerability to
anthropogenic and globa environmental factors. In this study, we used satellite image analysis and biological
data to map seagrass percent cover (SPC), above-ground biomass (AGB), and below-ground biomass (BGB) on
the three most populated islands of the Spermonde Archipelago, Indonesia, i.e., Kodingareng Lompo, Barrang
Lompo, and Barrang Caddi. Reflectance and Normalized Difference Vegetation Index (NDVI) values of
Sentinel-2 (S2) imagery weres used to classify and calculate SPC and AGB. In situ biological data
measurements were carried out from 3 to 14 of June, 2020, on the three islands to measure AGB and BGB. The
result from image classification shows a total area of 126.37 Ha of seagrass, which was divided into three SPC
categories. medium (30% - 59.9%) with atotal area of 78.38 Ha; low (0% -29.9%) with atotal area of 13.1 Ha;
and high (60% -100%) with a total area of 34.89 Ha. The highest SPC area was observed on Kodingareng
Lompo Island with 61.07Ha, followed by Barrang Lompo Island with 53.18Ha, and Barrangcaddi Island with
12.12Ha. The total AGB on Barrang Lompo, Kodingareng Lompo, and Barrangcaddi in tons of dry weight/ha
were 1.83, 1.05, and 2.38, respectively. The highest BGB was reported on Barrangcaddi Island with 8.61 tons
of dry weight/ha, followed by Barrang Lompo Island with 6.78 tons of dry weight/ha, and Kodingareng Lompo
Island with 2.78 tons of dry weight/ha. Regression analysis showed a linear correlation between NDVI value
and in situ SPC with R? = 0.8255. The framework of this study can be applied to monitor temporal changes of
seagrass meadows distribution on small islands to promote a more sustai nable ecosystem.

Keywords: biomass, NDVI, seagrass, sentinel-2, small islands

1. Introduction

Seagrass meadows have a high carbon sink capacity that surpasses even highly productive terrestrial
ecosystems (Krause-jensen et a. 2019). Seagrass meadows have a carbon fixation ability that exceeds their
metabolic needs; hence a large proportion of excess organic carbon is transported to the roots and rhizomes
where it is stored and eventually exuded in the sediment to form anaerobic organic-rich soil (autochthonous)
(Lyimo. 2016). A study of the carbon sequestered capacity of Australian seagrasses estimates annual organic
carbon (Cyg) accumulation to be between 0.093 and 6.15 Mt, with a most probable estimation of 0.93 Mt y—1
(10.1 t. km—2 y—1) (Lavery et al. 2013). This type of blue carbon ecosystem also has a high global net carbon
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production (NCP) of 20.73-50.69 Tg C yr—1, which comprises 10-18% of the total carbon storage in the ocean
(Duarte et a. 2010; Kennedy et al. 2010).

However, disturbances caused by humans can negatively influence the carbon fixation ability of seagrasses
and affect the amount of carbohydrate and starch being stored in their rhizomes. Growing in coasta
environments, seagrasses are usualy subjected to many anthropogenic activities e.g., sewage disposal,
mariculture, propeller boating activities, destructive fishing, construction works, dredging, and eutrophication,
which threatens their ecosystems and can lead to extinction (Roca et al. 2016). It is believed that about a third to
half of the world’s seagrasses have been lost since 1879 and the continuing rate of disappearance is estimated to
be 110 km? per year with net loss rates of 0.9% per year before 1940 to 7% since 1990 (Waycott et al. 2009).
Therefore, the remaining seagrass ecosystems need to be conserved and protected.

Information on seagrass status in terms of percent cover and biomass needs to be acquired as baseline data to
efficiently manage and monitor the seagrass ecosystems for conservation purposes. Remote sensing techniques
have proven to be efficient and effective tools for seagrass monitoring. Since launched by the European Space
Agency (ESA) in 2015, Sentinel-2 (S2) images with higher spatial resolution that are suitable for seagrass
mapping, have been available and can be acquired at no cost. The use of S2 imagery for seagrass meadows
ecosystem study was recently demonstrated with regard to seagrass beds on the Atlantic coasts of France and
Spain (Zoffali et. al. 2020).

Spermonde Archipelago is a set of small tropica islands between Kalimantan and Sulawes islands in
Indonesia. Three of its most populated idands are Barrang Lompo, Barrang Caddi, and Kodingareng Lompo.
Despite high anthropogenic disturbance factors most likely occurring on these islands, there are till significant
amounts of seagrass ecosystems that can be found on these islands. However, a study to analyze the percent
cover and biomass of these seagrasses has not been done yet. The main objective of this study isto map seagrass
distribution and the total areas on the three most populated islands in the Spermonde Archipelago using two
different spatial resolution imageries, Sentinel-2 and Landsat 8. Severa variables, including seagrass density
and biomass, were measured directly in the field in order to find a correlation between in situ values and NDVI
values derived from Landsat 8 and Sentinel-2 image analysis.

2. Materialsand M ethods

Study sites

This study was conducted on three islands; Barrang Lompo (BL), Barrang Caddi (BC), and Kodingareng
Lompo (KL). These three idands are part of the Spermonde Archipelago, which is located west off the coast of
Makassar City, capital of South Sulawesi Province, Indonesia BL Idand is located at 5 ° 243,577 "- 5 °
3'6,491" South Latitude (SL) and 119°19 '38,716 "- 119° 19' 49.21" East Longitude (EL), which is 12.48 Km
from Makassar City. Meanwhile, BC Idand islocated at 5 © 4'46,558 - 5 ° 5'0,778" SL and 119 ° 19 10,557 "-
119 ° 19' 16,21 "EL with a distance of 10.98 Km, while Kodingareng Lompo Island islocated at 5 ° 8'42,536" -
5°99434 "SL and 119 ° 15 '45,006" - 119 ° 15' 58,540 "EL with a distance of 15.24 Km. Based on the
distance from the mainland, the three islands were included in the middle zone, with the distance from the
mainland coastline between 10 -20 km (Fig.1). Field data were taken at BL, BC, and KL islands from 3 to 14
June 2020. Data derived from satellite images used for this study were acquired from S2 on July 29" 2019 and
from Landsat 8 (L8) on January 6" 2019.



89

90
91

92

93

94
95
96
97
98
99
100
101
102
103

104

105
106

107
108
109
110
111
112
113
114
115
116

117
118

Fig 1. Study site on BL (Barrang Lompo), BC (Barrang Caddi), and KL (Kodingareng Lompo) islands,
Spermonde Archipelago, South Sulawesi, Indonesia

Satellite Data

Landsat 8 and Sentinel-2 image pre-processing

Satellite image data used in this study were acquired from S2 on July 29™ 2019 and L8 on January 6™ 2019.
Geometrically corrected S2 images of waters west of South Sulawesi were downloaded from the European
Space Agency (ESA) data portal, while images from Landsat 8 were downloaded from USGS Glovis.
Atmospheric correction was conducted using radiometric calibration (DN to reflectance) and Dark Object
Subtraction (DOS) to remove the atmospheric effect on the images, assuming the darkest pixel value was zero
(Chavez. 1988). Sun glint correction was applied on S2 imagery to correct sunlight reflection. This correction
was not performed on L8 imagery as the images were clear enough, however a pan-sharpening technique was
performed to facilitate interpretation for image classification. Sun glint correction for S2 imagery was carried
out using an algorithm developed by Hochberg et al. (2003) and refined by Hedley et al. (2005) as in the
following equation:

R’i = Ri — bi (RNIR = MinNIR).......oorovererseereccerene 1)

'R'i = Thei channel value after being reduced; Ri = Initial i channel value; bi = The amount of slope of the
regression; RNIR = NIR channel value; MinNIR = Minimum NIR channel value.

Athmospheric corrections and water column correction were applied to the images to classify shallow-
water habitats and seagrass percent cover (SPC) using supervised classification. The flowchart for spatial data
processing and its integration with non-spatial data can be seen in Figure 2.Water column correction method
was applied to the images using Depth Invariant Index (DII) algorithm by Lyzenga (1981). The DIl method
reduces the influence of the water column so that clearer images of shallow water habitats could be obtained.
Points on the sand area were used to build a model to obtain the attenuation coefficient of the water column.
This is because sand objects are easier to recognize in the images, with the bright white appearance becoming a
darker blue color as the water depth increases. The algorithm used in this process was:

DII}) = 1n (L) - [(KIZK]) 10 (L) errerreerrreeneeeneesesse )
I (G S LAY () 3)
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DIl = Depth Invariant Index; Li = i-band reflectance value; Lj = j-band reflectance value; ki/kj =i and j band
attenuation coefficient ratio; ai = i-band variant; oj = j-band varian; aij = i and j band covariant.

I mage classification based on SPC

Images that have been corrected were then classified using an unsupervised classification method (Isoclass).
The results were then reclassified based on ground truth data. The final classification of SPC was divided into
three categoriesi.e., low (0-29.9%), medium (30%-59.9%), and high (60%-100%). These categories were then
used to determine biomass sampling points.

The classification mapping accuracy was tested using a confusion matrix method to calculate the accuracy
value of seagrass habitat mapping. It was done by using a matrix table that compares classes from satellite
image classification with in situ data (Congalton and Green. 2008). The error matrix method used in this study
followed the following formula:

NYI_ Xp-Yio (X o X 40)
K =2t Rl ol e, 5
NZ-Xio g (Xig X 1i) ®)

Image classification based on seagrass density

The NDVI (Normalized Difference Vegetation Index) algorithm has been used to measure vegetation density
level (greenness) using the reflectance values of the near-infrared (NIR) and red bands (Pu et al. 2015). Seagrass
beds usually grow in shalow waters, with the NDVI index value ranging from -1 to 0. The formula used for
NDVI was:

NIR—Red

NDVI= T80 s (6)

NDVI = Normalized difference Vegetation Index; NIR = Short infrared band spectral reflectance; Red = Red
band spectral reflectance.

Field data
In situ SPC and biomass sampling

Based on the unsupervised SPC image classification, 60 stations were designated on each island as the
sampling points (20 for each SPC categories i.e., low, medium, and high). In situ measurements of SPC and
seagrass density were carried out by using a 50cm x 50 cm plot (McKenzie et al., 2001). Seagrass species were
also identified in every plot. A smaller plot (20cm x 20cm plot) was placed within the bigger plot to measure
seagrass biomass. The plot was placed based on the types of seagrasses that exist within the bigger plot so that
all types of seagrasses in the plot could be extracted. Seagrass biomass samples were collected with roots up to
40 cm long.-Vined rhizomes were chopped using a machete before picking out any sample. Seagrass samples
consisting of roots, rhizomes, leaves, and midribs were collected from each station. Substrate and dirt were
cleaned away from the samples and then each of them was put into a labeled plastic bag for further laboratory
analysis.

Biomass analysis

In the laboratory, samples were cut into two parts, the biomass above the sediment or above ground biomass
(AGB) which consists of leaves and leaf midribs, and the below-ground biomass (BGB) which consists of
rhizomes and roots (Rohr et al.2018). The samples were then oven-dried (60°C) until a constant weight was
achieved (Lyimo. 2016). Samples were then weighted using a 0.01-gram precision level digital scale. Seagrass
biomass per shoot was calculated by dividing the total weight of each sample by the total number of its shoots.
The mean biomass per area (gram/m?) for each seagrass percent cover category was obtained by multiplying the
number of biomass per shoots with each type of seagrass density. The result value was then multiplied by the
area of each of the percent cover categories to get the total biomass per category.

Regression analysis



163 The corelation between biomass (AGB, BGB, and total biomass) and the SPC results on every island was
164  determined using regression linear analysis. Regression analysis was also performed to find the corelation
165 between field survey data (in situ percent cover and biomass) with spatial data (percent cover and NDV|1 value).
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167 Fig 2. Flowchart analysis of integration image and in situ data to seagrass biomass

168 3. Result and Discussion
169 SPC based on image classification

170 The seagrass maps were generated using a pixel-based classification method (unsupervised classification). 3
171 highly populated islands in the Spermonde Archipelago were analyzed in this study. Based on the results, SPC
172 in KL was mainly in the range between 30 - 59.9% (medium), which accounts for 60.38% of the total seagrass
173 area on thisidand. Similarly, SPC on BC and BL islands were also mainly characterized by the medium SPC
174  category, which accounts for 62.71% and 63.74%, respectively, of the total seagrass areas that were identified
175 on each island. Overall, medium SPC category accounts for 62.02% of the total seagrass areaidentified on these
176  threeislands. Spermonde Archipelago has 683.70 hectares of seagrass, so it can be said that these three islands
177  contribute around 18.48% of the total seagrassin the Spermonde Archipelago.
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Fig 3. Seagrass distribution maps of (A) Barrang Lompo, (B) Barrang Caddi, and (C) Kodingareng Lompo
using 10m spatial resolution Sentinel-2 imagery, with the acquisition date on July 29" 2019. Seagrass were
categorized into three classes, i.e., 0 — 29,9% (low), 30-59.9% (medium) and 60-100% (high).

Pixel-based analysis was also applied on L8 images to create seagrass distribution maps on each isand
(Figure 4). Due to its lower spatia resolution (30 m) seagrass mapping using L8 was only up to the aquatic
habitat condition or seagrass distribution that was able to be classified using L8 (Figure 3 & Table 1).
Nevertheless, the results between L8 and S2 show similar seagrass spatial distribution. As can be seen in Figure
3 and Figure 4, seagrass is dominantly grown in the western area of the islands, while the eastern part remained
barren.

Table 1. Percent cover of seagrass area from Sentinel-2 imagery classification

Seagrass Percent Cover (%) Area (Ha)
0-29.9 (low) 13.1
30 - 59.9 (medium) 78.38
60 — 100 (high) 34.89
Grand Total 126.37

Fig 4. Seagrass distribution maps of (A) Barrang Lompo, (B) Barrang Caddi (C), and (C) Kodingareng Lompo
using 30m? spatial resolution Landsat 8 OLI| Imagery acquired on January 6" 2019

There were differences in total seagrass areas calculated with L8 and S2 image processing. Calculation with
S2 resulted in a larger seagrass area by 24.2% on KL Idland, 20.7% on BC Idland, and 60.9% on BL Island
compared with L8. Seagrass maps of KL and BC islands show that each island has several dominant and sparse
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seagrass distribution spots. The seagrass dominant areas at KL and BC idands were mostly on the west,
southwest, to the south of the island, while on the north to the east side of the islands, the seagrass distribution
was mostly sparse. |dentification from the survey and aerial images indicate that lack of seagrasses on the east
sides of the islands was due to water depth and human activities mostly centered on the east side of the idand
(the side that faces the mainland). This side was the main channel for local passenger ships (Figure 5: A1, B1,
C1) and the port area of each island.

Table 2. Total seagrass area by Landsat 8 and Sentinel -2

|sand Area by Landsat Area by Sentinel-2
Area (Ha) Years Area (Ha) Years
BL 37.66 2019 53.18 2019
BC 9.61 2019 12.12 2019
KL 46.30 2019 61.07 2019

The south side of BC and KL islands were mostly covered with white sands which were exposed during low
tide and therefore not suitable for seagrass to grow. Seagrass distribution on BL Island was almost evenly
distributed on each side of the idand, except at the areas around the main port. BL is a highly populated island
and packed with house settlements. People often dispose their household organic waste on the west side of the
island, with the waste entering straight into the sea and the same thing occurs on the other islands. Hence, due to
this activity, disposed organic materials on this side of the island has resulted in increasing organic nutrients
inputs which support seagrass growth. As can be seen in the Figures 5A2, 5B2, and 5C2 there are more seagrass
beds that can be observed on the west sides of these islands due to the disposa of richer organic materials
compared to the east sides (Figures 5A1, 5B1, 5C1). Nutrient enrichment enhanced seagrass biomass density,
particularly in increasing the shoot biomass (Cabaco et.al. 2013).

Fig 5. Aerial photographs showing the shallow water condition on the east and the west side of Kodingareng
Kompo (A1-A2), Barrang Caddi (B1-B2) and Barrang Lompo (C1-C2) islands. The east sides of the islands
(A1, B1 and C1) showed less seagrass beds than the west sides of theislands (A2, B2, C2).

Accuracy test

The accuracy test of the S2 image classification results was obtained using field data. Field data used was a
sample of seagrass cover photos that have coordinates. Based on the image analysis results, the overall accuracy
of the kappa value of each image was: KL Island 75%, BC Island 82.69%, and BL Island 80.60%.

Seagrass Per cent Cover (SPC) and Density from in situ measurement

The result from in situ measurement shows that seagrass density and SPC have a synched pattern, from
low to high density, and low, medium, and high categories, respectively (Table 3). In some cases, the seagrass
density value may be higher in the percent cover high category than in the medium or low category. The
consistent pattern of seagrass density in all threeislandsis more likely due to the relatively similar composition
of seagrass speciesin the three percent cover categories.

Table 3. Seagrass Density and Percent Cover from in situ Measurement
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Density (shoots/m?) Per cent Cover (%)

Plot Category

BL BC KL BL BC KL
High 418.2 447 310.733 78.25 76.9 77.867
Medium 367.6 411.8 229.6 45.45 38.95 46.267
Low 239.6 178.2 268.235 239 18.6 20

Note: BL = Barrrang Lompo, BC = Barrang Caddi, KL = Kodingareng Lompo

Six species of seagrass were found on the three idands, i.e., Enhalus acoroides, Thalassia hemprichii,
Cymodocea rotundata, Halodule uninervis, Halophila ovalis dan Syringodium isoetifolium. Seagrass
composition was dominated by T. hemprichii in all categories. An exception was found on KL Island where C.
rotundata dominated the low category (Figure 6).

100%% (A) 100% — ®)
£ 9N 1 S HoetifoVom s ® 5. (soetifofim
z z :
g 60% " H ovalls g G0% - » M. ovalia
~ -
- 5 u M. wninerns
§ 0% - N H uninenws - A0% :
£ » C rotundote ,E, n C rotuedoto
aaa W T hemprichit | = 20% - u 7. homprichii
% # £ ocorovdes ™ B E ocoroides
Heh. Midds  low Wgh  Midde  Low
Plot Category Plot Category
1005 (©

_ B ® 5 soehfolim

< L oval

T oy

& »H ueshens

:'é 1S L retundore

5 8 T femprichy

a Mk

" E acevosdes

N
Mgh Mickdle Low
Plot Category

Fig 6. Percent cover of each seagrass 'species based on plot categoriesin (A) Barrang Lompo, (B) Kodingareng
Lompo, and (C) Barrang Caddi.

Correlation between Density of Seagrass using NDVI Algorithm and Percent Cover of Seagrass using In
situ Data

NDVI has been widely used in several studies in Indonesia to estimate vegetation biomass, greenness level,
primary production, and dominant species in vegetation. The NDVI index value ranges from -1.00 - 1.00. The
principle of NDVI is to measure the level of greenness intensity. The intensity of greenness in Sentinel-2
(Figure 7) and Landsat 8 (Figure 8) images correlates with the level of density of the vegetation canopy.
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Fig 7. NDVI values derived from Sentinel-2 on Kodingareng Lompo (A), Barrang Caddi (B) and Barrang
Lompo (C)
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Fig 8. NDVI derived from Landsat 8 on Kodingareng Lompo (A), Barrang Caddi (B) and Barrang Lompo (C)

The relationship between SPC from field measurements and NDVI values was analyzed using algorithmic
modeling with linear regression. The regression equation was obtained from the relationship between the NDVI
value of S2 images and the value of in situ SPC. The algorithm obtained was y = 0.0053x-0.785. Regression
analysis shows a linear correlation between NDVI and in situ data with R? value of 0.8255. The R-value
indicates a strong relationship between the in situ SPC and the NDV I values of satellite images (Figure 9).
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Fig 9. Correlation analysis of SPC between in situ measurement and NDVI values on the three islands; (A)
Sentinel-2 imagery, (B) Landsat 8 imagery
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Results from laboratory analysis showed seagrass BGB in all islands and in each seagrass cover category were
higher than AGB. Seagrass BGB value on BL Island on average was four times higher than AGB. Meanwhile,
the ratio was smaller on the other two islands, which was about three to three and a half times higher (Table 3).
Biomass stored under the substrate is one of the forms of seagrass adaptation. Seagrass grows in shallow waters,
which makes it very vulnerable to the influence of waves. Without specific adaptation, seagrass can be easily
uprooted by the waves. Seagrass adapts by storing more photosynthetic products under the ground than above,
therefore, it can stay still under the impact of waves.

Among the three islands, the highest average biomass was found on BC Idland, either for BGB, AGB, or the
total biomass (Table 4). Thisis more likely due to the large composition of E. acoroides, especially in the high-
percent cover category (Figure 6). The percent cover of E. acoroides reached 23.2% or about 30% of the total
seagrass cover in the solid category of the island. E. acoroides is a large seagrass species (Waycott et a. 2004)
and the largest seagrass species that can be found in Indonesia.

Table 4. Seagrass biomass in the study locations based on high, medium, and low categories

Biomass (dry weight ton /ha)

L ocation Category

Above ground Below ground Total
High 1.05 3.49 4.55
Barrang Lompo Medium 0.58 2.33 29
Low 0.2 0.96 1.17
High 0.48 1.28 1.76
Kodingareng Lompo Medium 0.46 1.01 1.47
Low 0.11 0.49 0.6
High 1.33 4.83 6.16
Barrang Caddi Medium 0.75 2.75 35
Low 0.3 1.03 1.33

Fig 10. Field photographs of the low, medium, and high seagrass categories on Kodingareng Lompo and
Barrang Lompo

Seagrass BGB was generally weighted higher than ABG in the seagrass categories on the three isands. High
or high categories dominated seagrasses on the three different isands. There was a total of 8.62 ton dry
weight/ha seagrass biomass on BL Island, 3.83 ton dry weight/ha on KL Island, and 10.99 ton dry weight/ha on
BC Idand.

Correlation between Biomassin situ and NDVI

The correlation between the total biomass and the NDV| values of the three islands was analyzed. R? values
acquired from regression analysis were 0.40 for Landsat 8, and 0.43 for Sentinel-2. These R*-values indicate a
low correlation between the total biomass value and the NDVI value. Overall, NDVI and carbon biomass of
seagrass showed alinear relation (Figure 11). The higher the total biomass value, the closer the NDVI value will
be to 0 (solid seagrass cover condition), while the lower the total biomass value, the closer the NDVI value will
beto -1 (low seagrass cover condition).

Moreover, on BL Idand, the biomass value has more variation in the high seagrass cover category than
in the low and medium (Table 4). This is due to the various species composition. Some plots were T.
hemprichii dominant, while other plots were more E acoroides dominant. Morphologically, the two seagrasses
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have different sizes, therefore at the same cover percentage, they have very different biomass values. In the low
and medium seagrass cover categories T. hemprichii was consistently the dominant species.

Furthermore, in the high seagrass cover category, there was quite a lot of overlap between leaves, especialy
with the T. hemprichii species. In some plots (Figure 10), alarge addition of seagrass cover value can only cause
asmall increase in biomass value. Meanwhile, in other plots, the addition of the same amount of seagrass cover
value can add a substantial biomass value. However, in the high and medium seagrass cover categories, the
overlap between leaves was less. According to Mallombassi, et a (2020), the high sope value of T.
hemprichii seagrass regression equation at high percent cover was because of the overlapping leaf canopy,
resulting in a high increase of biomass value despite the small addition of the percent cover.

E. acoroides and C. rotundata significantly contributed to the medium to sparse percent cover category on
KL and BC idands. This causes the biomass values of those two categories to vary largely. The contribution of
the two seagrasses was about half of the dominant species T. hemprichii, while on BL Island it can reach a
guarter in the same category.
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Fig 11. Regression analysis of seagrass biomass and NDVI on Barrang Lompo, Barrang Caddi, and
Kodingareng Lompo islands; (A) Sentinel-2 imagery, (B) Landsat 8 imagery

4, Conclusions

The result of this study showed that there is a strong correlation between in situ seagrass percent cover and
NDVI values derived from the two satellite images. However, the correlation between in situ seagrass total
biomass and the NDV values showed a relatively weak correlation. Image classification showed that seagrass
was distributed mostly on the west side of the islands, and there were 6 seagrass species identified on the sites,
i.e., E. acoroides, T. hemprichii, C. rotundata, H. uninervis, H. ovalis and S. isoetifolium. In this study we also
discovered that there was a disparity of seagrass total cover area between Sentinel-2 and Landsat 8, due to
spatial resolution diferrences. Sentinel-2 images were able to classify seagrass distribution up to the seagrass
density category, however, they cannot be applied to differentiate seagrass density based on species.
Nevertheless, both Sentinel-2 and Landsat 8 are useful for seagrass condition monitoring purposes.
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Abstract

As one of the major blue carbon ecosystems, studying, conserving, and monitoring seagrass meadows, especially on small
populated islands, has become very important due to their vulnerability to anthropogenic and global environmental factors. In
this study, we used satellite image analysis and biological data to map seagrass percent cover (SPC), above-ground biomass
(AGB), and below-ground biomass (BGB) on the three most populated islands of the Spermonde Archipelago, Indonesia, i.e.,
Kodingareng Lompo, Barrang Lompo, and Barrang Caddi. Reflectance and Normalized Difference Vegetation Index (NDVI)
values of Sentinel-2 (S2) imagery were used to classify and calculate SPC and AGB. In situ biological data measurements were
carried out from 3 to 14 of June, 2020, on the three islands to measure AGB and BGB. The result from image classification
shows a total area of 126.37 Ha of seagrass, which was divided into three SPC categories: medium (30-59.9%) with a total
area of 78.38 Ha; low (0-29.9%) with a total area of 13.1 Ha; and high (60-100%) with a total area of 34.89 Ha. The highest
SPC area was observed on Kodingareng Lompo Island with 61.07Ha, followed by Barrang Lompo Island with 53.18Ha, and
Barrangcaddi Island with 12.12Ha. The total AGB on Barrang Lompo, Kodingareng Lompo, and Barrangcaddi in tons of dry
weight/ha were 1.83, 1.05, and 2.38, respectively. The highest BGB was reported on Barrangcaddi Island with 8.61 tons of
dry weight/ha, followed by Barrang Lompo Island with 6.78 tons of dry weight/ha, and Kodingareng Lompo Island with 2.78
tons of dry weight/ha. Regression analysis showed a linear correlation between NDVI value and in situ SPC with R?=0.8255.
The framework of this study can be applied to monitor temporal changes of seagrass meadows distribution on small islands
to promote a more sustainable ecosystem.

Keywords Biomass - NDVI - Seagrass - Sentinel-2 - Small islands

1 Introduction

Seagrass meadows have a high carbon sink capacity that sur-
passes even highly productive terrestrial ecosystems (Krause-
Jensen and Duarte 2016). Seagrass meadows have a carbon
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fixation ability that exceeds their metabolic needs; hence, a
large proportion of excess organic carbon is transported to the
roots and rhizomes where it is stored and eventually exuded
in the sediment to form anaerobic organic-rich soil (autoch-
thonous) (Lyimo 2016). A study of the carbon sequestered
capacity of Australian seagrasses estimates annual organic
carbon (C,,) accumulation to be between 0.093 and 6.15
Mt, with a most probable estimation of 0.93 Mt year' (10.1
t km™ year™!) (Lavery et al. 2013). This type of blue car-
bon ecosystem also has a high global net carbon production
(NCP) of 20.73-50.69 Tg C year™', which comprises 10—18%
of the total carbon storage in the ocean (Duarte et al. 2010;
Kennedy et al. 2010).

However, disturbances caused by humans can negatively
influence the carbon fixation ability of seagrasses and affect
the amount of carbohydrate and starch being stored in their
rhizomes. Growing in coastal environments, seagrasses are
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usually subjected to many anthropogenic activities e.g.,
sewage disposal, mariculture, propeller boating activi-
ties, destructive fishing, construction works, dredging, and
eutrophication, which threatens their ecosystems and can lead
to extinction (Roca et al. 2016). It is believed that about a
third to half of the world’s seagrasses have been lost since
1879 and the continuing rate of disappearance is estimated
to be 110 km? per year with net loss rates of 0.9% per year
before 1940 to 7% since 1990 (Waycott et al. 2009). There-
fore, the remaining seagrass ecosystems need to be conserved
and protected.

Information on seagrass status in terms of percent cover
and biomass needs to be acquired as baseline data to effi-
ciently manage and monitor the seagrass ecosystems for con-
servation purposes. Remote sensing techniques have proven
to be efficient and effective tools for seagrass monitoring.
Since launched by the European Space Agency (ESA) in
2015, Sentinel-2 (S2) images with higher spatial resolution
that are suitable for seagrass mapping, have been available
and can be acquired at no cost. The use of S2 imagery for sea-
grass meadows ecosystem study was recently demonstrated
with regard to seagrass beds on the Atlantic coasts of France
and Spain (Zoffoli et al. 2020).

Spermonde Archipelago is a set of small tropical islands
between Kalimantan and Sulawesi islands in Indonesia.
Three of its most populated islands are Barrang Lompo,
Barrang Caddi, and Kodingareng Lompo. Despite high
anthropogenic disturbance factors most likely occurring on
these islands, there are still significant amounts of seagrass
ecosystems that can be found on these islands. However, a
study to analyze the percent cover and biomass of these sea-
grasses has not been done yet. The main objective of this
study is to map seagrass distribution and the total areas on the
three most populated islands in the Spermonde Archipelago
using two different spatial resolution imageries, Sentinel-2
and Landsat 8. Several variables, including seagrass density
and biomass, were measured directly in the field to find a
correlation between in situ values and NDVI values derived
from Landsat 8 and Sentinel-2 image analysis.

2 Materials and Methods
2.1 Study Sites

This study was conducted on three islands: Barrang Lompo
(BL), Barrang Caddi (BC), and Kodingareng Lompo (KL).
These three islands are part of the Spermonde Archipelago,
which is located west off the coast of Makassar City, capital
of South Sulawesi Province, Indonesia. BL Island is located
at 5° 2 43.577”7-5° 3' 6.491” South latitude (SL) and 119°
19" 38.716”7-119° 19’ 49.21” East longitude (EL), which
is 12.48 km from Makassar City. Meanwhile, BC Island
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is located at 5° 4’ 46.558”-5° 5" 0.778” SL and 119° 19’
10.5577-119° 19" 16.21” EL with a distance of 10.98 km
from Makassar City, while Kodingareng Lompo Island
is located at 5° 8’ 42.536”-5° 9’ 9.434” SL and 119° 15’
45.006”-119° 15’ 58.540” EL with a distance of 15.24 km
from Makassar City. Based on the distance from the main-
land, the three islands were included in the middle zone,
with the distance from the mainland coastline between 10
and 20 km (Fig. 1). Field data were taken at BL, BC, and KL
islands from 3 to 14 June 2020. Data derived from satellite
images used for this study were acquired from S2 on July
29th 2019 and from Landsat 8 (L.8) on January 6th 2019.

2.2 Satellite Data
2.2.1 Landsat 8 and Sentinel-2 Image Pre-processing

Satellite image data used in this study were acquired from S2
on July 29th 2019 and L8 on January 6th 2019. Geometrically
corrected S2 images of waters west of South Sulawesi were
downloaded from the European Space Agency (ESA) data
portal, while images from Landsat 8 were downloaded from
USGS Glovis. Atmospheric correction was conducted using
radiometric calibration (DN to reflectance) and DARK OBJECT
SUBTRAction (DOS) to remove the atmospheric effect on the
images, assuming the darkest pixel value was zero (Chavez.
1988). Sun glint correction was applied on S2 imagery to cor-
rect sunlight reflection. This correction was not performed on
L8 imagery as the images were clear enough; however, a pan-
sharpening technique was performed to facilitate interpretation
for image classification. Sun glint correction for S2 imagery
was carried out using an algorithm developed by Hochberg and
Atkinson(2003) and refined by Hedley et al. (2005) as in the
following equation:

R = R~b,(RNIR — MinNIR), (1)

R'; is the i channel value after being reduced; R; is the
initial i channel value; b, is the amount of slope of the regres-
sion; RNIR is the NIR channel value; MinNIR is the mini-
mum NIR channel value.

Athmospheric corrections and water column correction were
applied to the images to classify shallow-water habitats and sea-
grass percent cover (SPC) using supervised classification. The
flowchart for spatial data processing and its integration with
non-spatial data can be seen in Fig. 2.Water column correction
method was applied to the images using depth invariant index
(DII) algorithm by Lyzenga (1981). The DII method reduces
the influence of the water column so that clearer images of shal-
low water habitats could be obtained. Points on the sand area
were used to build a model to obtain the attenuation coefficient
of the water column. This is because sand objects are easier
to recognize in the images, with the bright white appearance
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Fig. 1 Study site on BL (Barrang Lompo), BC (Barrang Caddi), and KL (Kodingareng Lompo) islands, Spermonde Archipelago, South Sulawesi,

Indonesia

becoming a darker blue color as the water depth increases. The
algorithm used in this process was:

DI = In (L;) = [(K;/K;) In (L;)], @
ki/kj=a— [(K/K;) In (L;)]. 3)

_ oito;
o= —2% .(4)

DII is the depth invariant index; L, is the i-band reflectance
value; Lj is the j-band reflectance value; ki/kj is the 7 and j
band attenuation coefficient ratio; a; is the i-band variant; a;
is the j-band varian; a;; is the i and j band covariant.

2.2.2 Image Classification Based on SPC

Images that have been corrected were then classified using
an unsupervised classification method (Isoclass). The results
were then reclassified based on ground truth data. The final
classification of SPC was divided into three categories i.e.,
low (0-29.9%), medium (30-59.9%), and high (60-100%).
These categories were then used to determine biomass sam-
pling points.

The classification mapping accuracy was tested using a
confusion matrix method to calculate the accuracy value of
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Fig.2 Flowchart analysis of
integration image and in situ
data to seagrass biomass
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seagrass habitat mapping. It was done using a matrix table
that compares classes from satellite image classification with
in situ data (Congalton and Green 2008). The error matrix
method used in this study followed the following formula:

_ NY Xy =2y (Xi X X,)

K
N2 — Z,‘;l Xi+ X X+i)

o)

2.2.3 Image Classification Based on Seagrass Density
The NDVI (normalized difference vegetation index) algo-

rithm has been used to measure vegetation density level
(greenness) using the reflectance values of the near-infrared
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(NIR) and red bands (Pu et al. 2015). Seagrass beds usually
grow in shallow waters, with the NDVI index value ranging
from — 1 to 0. The formula used for NDVI was:

NIR — Red
NDV] = ——M—.

NIR + Red ©)

NDVTI s the normalized difference vegetation index; NIR

is the short infrared band spectral reflectance; Red is the red
band spectral reflectance.
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Fig.3 Seagrass distribution maps of A Barrang Lompo, B Barrang
Caddi, and C Kodingareng Lompo using 10 m spatial resolution Sen-
tinel-2 imagery, with the acquisition date on July 29th 2019. Seagrass

2.3 Field Data
2.3.1 InSitu SPC and Biomass Sampling

Based on the unsupervised SPC image classification, 60 stations
were designated on each island as the sampling points (20 for
each SPC categories i.e., low, medium, and high). In situ meas-
urements of SPC and seagrass density were carried out using a
50 cmXx 50 cm plot (McKenzie et al. 2001). Seagrass species
were also identified in every plot. A smaller plot (20 cmx20 cm
plot) was placed within the bigger plot to measure seagrass bio-
mass. The plot was placed based on the types of seagrasses that
exist within the bigger plot so that all types of seagrasses in the
plot could be extracted. Seagrass biomass samples were collected
with roots up to 40 cm long. Vined rhizomes were chopped using
a machete before picking out any sample. Seagrass samples con-
sisting of roots, rhizomes, leaves, and midribs were collected
from each station. Substrate and dirt were cleaned away from
the samples and then each of them was put into a labeled plastic
bag for further laboratory analysis.

2.3.2 Biomass Analysis

In the laboratory, samples were cut into two parts, the biomass
above the sediment or above ground biomass (AGB) which
consists of leaves and leaf midribs, and the below-ground bio-
mass (BGB) which consists of rhizomes and roots (Rohr et al.
2018). The samples were then oven-dried (60 °C) until a con-
stant weight was achieved (Lyimo 2016). Samples were then
weighted using a 0.01-g precision level digital scale. Seagrass

(L

La e

were categorized into three classes, i.e., 0-29.9% (low), 30-59.9%
(medium) and 60-100% (high)

biomass per shoot was calculated by dividing the total weight
of each sample by the total number of its shoots. The mean bio-
mass per area (g/m?) for each seagrass percent cover category
was obtained by multiplying the number of biomass per shoots
with each type of seagrass density. The result value was then
multiplied by the area of each of the percent cover categories
to get the total biomass per category.

2.3.3 Regression Analysis

The corelation between biomass (AGB, BGB, and total biomass)
and the SPC results on every island was determined using regres-
sion linear analysis. Regression analysis was also performed to
find the corelation between field survey data (in situ percent cover
and biomass) with spatial data (percent cover and NDVI value).

3 Result and Discussion
3.1 SPCBased on Image Classification

The seagrass maps were generated using a pixel-based classi-
fication method (unsupervised classification). 3 highly popu-
lated islands in the Spermonde Archipelago were analyzed
in this study. Based on the results, SPC in KL was mainly in
the range between 30 and 59.9% (medium), which accounts
for 60.38% of the total seagrass area on this island. Similarly,
SPC on BC and BL islands were also mainly characterized by
the medium SPC category, which accounts for 62.71% and
63.74%, respectively, of the total seagrass areas that were
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Table 1 Percent cover of seagrass area from Sentinel-2 imagery clas-
sification

Seagrass percent cover (%) Area (ha)
0-29.9 (low) 13.1
30-59.9 (medium) 78.38
60-100 (high) 34.89
Grand total 126.37

identified on each island. Overall, medium SPC category
accounts for 62.02% of the total seagrass area identified on
these three islands (Fig. 3; Table 1). Spermonde Archipelago
has 683.70 ha of seagrass, so it can be said that these three
islands contribute around 18.48% of the total seagrass in the
Spermonde Archipelago.

Pixel-based analysis was also applied on L8 images to
create seagrass distribution maps on each island (Fig. 4).
Due to its lower spatial resolution (30 m), seagrass mapping
using L8 was only up to the aquatic habitat condition or
seagrass distribution that was able to be classified using L8
(Fig. 4; Table 2). Nevertheless, the results between L8 and
S2 show similar seagrass spatial distribution. As can be seen
in Figs. 3 and 4, seagrass is dominantly grown in the western
area of the islands, while the eastern part remained barren.

There were differences in total seagrass areas calculated
with L8 and S2 image processing. Calculation with S2
resulted in a larger seagrass area by 24.2% on KL Island,
20.7% on BC Island, and 60.9% on BL Island compared
with L8. Seagrass maps of KL and BC islands show that
each island has several dominant and sparse seagrass dis-
tribution spots (Table 1). The seagrass-dominant areas at
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Table 2 Total seagrass area by Landsat 8 and Sentinel-2

Island Area by Landsat Area by Sentinel-2
Area (ha) Years Area (ha) Years
BL 37.66 2019 53.18 2019
BC 9.61 2019 12.12 2019
KL 46.30 2019 61.07 2019

KL and BC islands were mostly on the west, southwest, to
the south of the island, while on the north to the east side
of the islands, the seagrass distribution was mostly sparse.
Identification from the survey and aerial images indicate that
lack of seagrasses on the east sides of the islands was due
to water depth and human activities mostly centered on the
east side of the island (the side that faces the mainland). This
side was the main channel for local passenger ships (Fig. 5:
Al, B1, C1) and the port area of each island.

The south side of BC and KL islands were mostly cov-
ered with white sands which were exposed during low tide
and, therefore, not suitable for seagrass to grow. Seagrass
distribution on BL Island was almost evenly distributed on
each side of the island, except at the areas around the main
port. BL is a highly populated island and packed with house
settlements. People often dispose their household organic
waste on the west side of the island, with the waste enter-
ing straight into the sea and the same thing occurs on the
other islands. Hence, due to this activity, disposed organic
materials on this side of the island has resulted in increas-
ing organic nutrients inputs which support seagrass growth.
As can be seen in the Fig. 5A2, 5B2, and 5C2 there are
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Fig.4 Seagrass distribution maps of A Barrang Lompo, B Barrang Caddi, and C Kodingareng Lompo using 30 m? spatial resolution Landsat 8

OLI Imagery acquired on January 6th 2019
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Fig.5 Aerial photographs showing the shallow water condition on
the east and the west side of Kodingareng Kompo (A1-A2), Barrang
Caddi (B1-B2) and Barrang Lompo (C1-C2) islands. The east sides

more seagrass beds that can be observed on the west sides of
these islands due to the disposal of richer organic materials
compared to the east sides (Fig. SA1, 5B1, 5C1). Nutrient
enrichment enhanced seagrass biomass density, particularly
in increasing the shoot biomass (Cabaco et al. 2013).

3.2 Accuracy Test

The accuracy test of the S2 image classification results was
obtained using field data. Field data used was a sample of
seagrass cover photos that have coordinates. Based on the
image analysis results, the overall accuracy of the kappa value
of each image was: KL Island 75%, BC Island 82.69%, and
BL Island 80.60%.

3.3 Seagrass Percent Cover (SPC) and Density
from In Situ Measurement

The result from in situ measurement shows that seagrass
density and SPC have a synched pattern, from low to high
density, and low, medium, and high categories, respectively

of the islands (A1, B1 and C1) showed less seagrass beds than the
west sides of the islands (A2, B2, C2)

(Table 3). In some cases, the seagrass density value may be
higher in the percent cover high category than in the medium
or low category. The consistent pattern of seagrass density
in all three islands is more likely due to the relatively similar
composition of seagrass species in the three percent cover
categories.

Six species of seagrass were found on the three islands,
i.e., Enhalus acoroides, Thalassia hemprichii, Cymodocea
rotundata, Halodule uninervis, Halophila ovalis dan Syrin-
godium isoetifolium. Seagrass composition was dominated
by T. hemprichii in all categories. An exception was found
on KL Island where C. rotundata dominated the low cat-
egory (Fig. 6).

3.4 Correlation Between Density of Seagrass Using
NDVI Algorithm and Percent Cover of Seagrass
Using In situ Data

NDVTI has been widely used in several studies in Indonesia to

estimate vegetation biomass, greenness level, primary produc-
tion, and dominant species in vegetation. The NDVI index value
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Table 3 Seagrass density and

L Plot Category
percent cover from in situ

Density (shoots/m?)

Percent cover (%)

measurement BL BC KL BL BC KL
High 418.2 447 310.733 78.25 76.9 77.867
Medium 367.6 411.8 229.6 45.45 38.95 46.267
Low 239.6 178.2 268.235 23.9 18.6 20
BL Barrrang Lompo, BC Barrang Caddi, KL Kodingareng Lompo
Fig.6 Percent cover of each 1P Lk 1P - iy
seagrass 'species' based on plot _— -
categories in A Barrang Lompo, "" : " E ool o5 ol
B Kodingareng Lompo, and C 4 mm L I i e
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g g AT ?
[ BC russdaa . £ 8 rpnesdars
i ol gl = AW & I hampechl
L BF. ELcaae e mE g o
s o bt HE figth Feh s oAk
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ranges from -1.00 to 1.00. The principle of NDVI is to measure
the level of greenness intensity. The intensity of greenness in
Sentinel-2 (Fig. 7) and Landsat 8 (Fig. 8) images correlates with
the level of density of the vegetation canopy.

The relationship between SPC from field measurements
and NDVI values was analyzed using algorithmic modeling
with linear regression. The regression equation was obtained
from the relationship between the NDVI value of S2 images
and the value of in situ SPC. The algorithm obtained was
y=0.0053x—0.785. Regression analysis shows a linear corre-
lation between NDVI and in situ data with R value of 0.8255.
The R value indicates a strong relationship between the in situ
SPC and the NDVI values of satellite images (Fig. 9).

3.5 Seagrass Biomass
3.5.1 Total Biomass

Results from laboratory analysis showed seagrass BGB in all
islands and in each seagrass cover category were higher than
AGB. Seagrass BGB value on BL island on average was four
times higher than AGB. Meanwhile, the ratio was smaller
on the other two islands, which was about three to three
and a half times higher (Table 3). Biomass stored under the
substrate is one of the forms of seagrass adaptation. Seagrass
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grows in shallow waters, which makes it very vulnerable to
the influence of waves. Without specific adaptation, seagrass
can be easily uprooted by the waves. Seagrass adapts by
storing more photosynthetic products under the ground than
above, therefore, it can stay still under the impact of waves.

Among the three islands, the highest average biomass was
found on BC Island, either for BGB, AGB, or the total biomass
(Table 4). This is more likely due to the large composition of E.
acoroides, especially in the high-percent cover category. The
percent cover of E. acoroides reached 23.2% or about 30% of
the total seagrass cover in the high category of the island. E.
acoroides is a large seagrass species (Waycott et al. 2004) and
the largest seagrass species that can be found in Indonesia.

Seagrass BGB was generally weighted higher than ABG
in the seagrass categories on the three islands. High cat-
egories dominated seagrasses on the three different islands.
There was a total of 8.62 ton dry weight/ha seagrass biomass
on BL Island, 3.83 ton dry weight/ha on KL Island, and
10.99 ton dry weight/ha on BC Island (Fig. 10).

3.5.2 Correlation Between Biomass In Situ and NDVI
The correlation between the total biomass and the NDVI

values of the three islands was analyzed. R? values acquired
from regression analysis were 0.40 for Landsat 8, and 0.43
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Fig. 7 NDVI values derived from Sentinel-2 on Kodingareng Lompo (A), Barrang Caddi (B) and Barrang Lompo (C)
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Fig.8 NDVI derived from Landsat 8 on Kodingareng Lompo (A), Barrang Caddi (B) and Barrang Lompo (C)
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Fig.9 Correlation analysis of SPC between in situ measurement and NDVI values on the three islands; A Sentinel-2 imagery, B Landsat 8

imagery

Table 4 Seagrass biomass in the study locations based on high,
medium, and low categories

Location Category Biomass (dry weight ton /ha)
Above ground Below ground Total
Barrang Lompo High 1.05 3.49 4.55
Medium 0.58 2.33 2.9
Low 0.2 0.96 1.17
Kodingareng High 0.48 1.28 1.76
Lompo Medium ~ 0.46 1.01 1.47
Low 0.11 0.49 0.6
Barrang Caddi High 1.33 4.83 6.16
Medium 0.75 2.75 35
Low 0.3 1.03 1.33

for Sentinel-2. These R*-values indicate a low correlation
between the total biomass value and the NDVI value. Over-
all, NDVI and carbon biomass of seagrass showed a linear
relation (Fig. 11). The higher the total biomass value, the
closer the NDVI value will be to 0 (solid seagrass cover
condition), while the lower the total biomass value, the
closer the NDVI value will be to — 1 (low seagrass cover
condition).

Moreover, on BL Island, the biomass value has more vari-
ation in the high seagrass cover category than in the low and
medium categories (Table 4). This is due to the various spe-
cies composition. Some plots were T. hemprichii dominant,
while other plots were more E acoroides dominant. Mor-
phologically, the two seagrasses have different sizes, there-
fore, at the same cover percentage, they have very different
biomass values. In the low and medium seagrass cover cat-
egories, T. hemprichii was consistently the dominant species.

Furthermore, in the high seagrass cover category, there
was quite a lot of overlap between leaves, especially with
the T. hemprichii species. In some plots (Fig. 10), a large
addition of seagrass cover value can only cause a small
increase in biomass value. Meanwhile, in other plots, the
addition of the same amount of seagrass cover value can
add a substantial biomass value. However, in the high and
medium seagrass cover categories, the overlap between
leaves was less. According to Mallombassi, et al (2020), the
high slope value of T. hemprichii seagrass regression equa-
tion at high percent cover was because of the overlapping
leaf canopy, resulting in a high increase of biomass value
despite the small addition of the percent cover.

E. acoroides and C. rotundata significantly contributed
to the medium to sparse percent cover category on KL and
BC islands. This causes the biomass values of those two

Fig. 10 Field photographs of the low, medium, and high seagrass categories on Kodingareng Lompo and Barrang Lompo
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Fig. 11 Regression analysis of seagrass biomass and NDVI on Barrang Lompo, Barrang Caddi, and Kodingareng Lompo islands; A Sentinel-2

imagery, B Landsat 8 imagery

categories to vary largely. The contribution of the two sea-
grasses was about half of the dominant species 7. hemp-
richii, while on BL Island, it can reach a quarter in the same
category.

4 Conclusions

The result of this study showed that there is a strong cor-
relation between in situ seagrass percent cover and NDVI
values derived from the two satellite images. However, the
correlation between in situ seagrass total biomass and the
NDVI values showed a relatively weak correlation. Image
classification showed that seagrass was distributed mostly on
the west side of the islands, and there were six seagrass spe-
cies identified on the sites, i.e., E. acoroides, T. hemprichii,
C. rotundata, H. uninervis, H. ovalis and S. isoetifolium. In
this study, we also discovered that there was a disparity of
seagrass total cover area between Sentinel-2 and Landsat 8,
due to spatial resolution diferrences. Sentinel-2 images were
able to classify seagrass distribution up to the seagrass den-
sity category, however, they cannot be applied to differen-
tiate seagrass density based on species. Nevertheless, both
Sentinel-2 and Landsat 8 are useful for seagrass condition
monitoring purposes.
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Abstract

A ome of The magor blue carbon ecosysiems, stodying, conserving, ond monitonng sesprass meadows, especizlly on small
populaed isknds, has become very important due vo their volndEility 1o asthropogenic and glabal enviroomental facsors, In
this sfidy. we nsed sabellie image analysis and biological data (o wap seopross pescend cover (SPC ), shove-pround biomess
LAGE, and helow-ground binmass | BGER) an the thnee mod popelaed :'b.]ur@:-t' the Spermueanie Aschipelaen, Indonesa, e,
Kodingaseig Loamps, Barang Lomgo, and Barmung Coddi,. Beflectasce and Mommnlzed Difference Vepetntian Dndes { S0V
walues af Senfmel:2 (521 imagery were veed o classify amd caloubse SPC and AGE. In stn biologricad data messanemenis were
carried m from 3 4o 14 of June, 2020, on the three slaeds o measare AGE and BOB, The reseldt from image clHquJ:lrL
shiws a lodal area of 126.37 Haof u:;mm. whch wis divided indo thaee SPC uulcgnl'm mmeclimm [ 30=-59.55) with a potal
area of T8 Ha; low (0-29.9% ) with atotal arceof 12,1 Ha and high (60— 1005 with afoial area of 5459 Ha The highes
SPC ared was o ved on Kedingareng Loisgeo Dslamd with 61,07HG, follised By Bariang Lomgoe Bl with 53,0 8Ha, amld
Borrasgeoddi [sland with 12,1 2Hs. The ool AGE ca Barrong Lampo, Kadmgareng Lompo, asd Barrangeoddi in moms of dry
welghthe were L83, L0, and 2 58 respectively. The highss BGE wis seponed on Barmangeacddi Txbnd with .61 sons of
by weightUha, followed by Barrung Lompso slamcd witho 6 78 woms of dry weightta, end Kisdingarene Lomgo Bland with 278
tans of dry weightha, Regression analysis showed a binear correlation between NIV selue angd incsito 5PC with & = (5255,
The framewiek of this tudy con be applied © monitor emgoral chanees of seagrass meadows distribobion cn samall islands
o promusts o mans suehiimabls camystom

Keywuords Binmpss - MOV - Seapross - Seminel2 - Small islands

fixaticn ability thas excesds their metabalic needs; hence, a
larpe proportice af exces organic crbon i rass ported o the

1 Introduction

Seaxpress meadiows hine 3 high corbea sink capacity Shal sar
pas=es even hiphly prcluctive ferrestnal scosysems (Krawee
leasen and Doane 20046), Seapgrass meadows have 3 carbon
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rivols and rizemes whene i is stored and evertually exuded
i the sedimen 1o form amesbic oreanic-rick seil {afoch
thoreos) {Lyimo 20060, A stdy of the carbeom sequestered
capucity ol Austrlion seagrases estimales annual orgE2e
carban L:‘.'““'_l socwmlativm 1o be beraeen 0092 angd 615
M with & mest prohohle sstimation of 083 M year (10
[ km™ :.-'eu.r":l (Lawery et al. 20031 This type of blue car
b ecosy e ala b kagh plobal net cachon procucixon
(MCPpnf 20735060 Te C 3,':=r':._whi.|:h comprises k=135
of e wanl Ccartofy Siorags in e oogan (e o &, Z0ic;
Keamcdy of al. 2010

Heewer, distushbanies cased by himans ean negaively
infloenee the carbon fivstion ability of seaprasses und affect
the amuount af curbohydnete and sanch being stored in their
rhazomes. Growing in coastal environments, seagrases ane
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usually subjecied to many anthropogenic activilies c.g.
sowage disposal, mariculture, propeller boating activi
ties., destneciive Fshizg, consdruciion works, dredging, and
eutrophication, whic@Bhrelerns their ecosy sems and cun lead
1o cximction (Roca e al 20160, I is belicved that abon 3
thind EZhatt of the world's seagrasses have been lost since
LT enil the r.'md.nl.ung ke of disnp Is esimeed
0 b 1100 e’ * per year with net boes mies af 8% per year
befiore 1940 1o 75 sisce [9590) [ Wayealt e al. 2009, There
fore, the remauning sespriss eookysdems necd o be conserved
i pralec e,

Indirmsarion 6 A raas saEns in s ms ol peresnl coves
inel hiomass neods o be acyuared o basoling dato 1o offi-
cienly mumnge and monitor the seapmes soosysiens (§on-
servadion purpeses. Remoie sensing iechniques have proven
I e amnl u.rld effective tools For seagriss monilosing.
Since launched by the EI.Im[IEI:II Space Apency [ESA) in
201 5, Sentinel=2 (32 imeges with higher spatial resalution
thil are swtable For ssagrass mapping, bave been vailahle
itnad cam ke 2cguine] 2t no oo, The use of 52 imagery B sea
prass mesdows eoosysiem stedy was recently demonstrated
wilh reand g0 seggrass beds oo the Atlontic congs of Prance
undd Spaim (Eoifol e al, 20205

Spermonde Archipelago is a s21 of small mopioal bslands
betwesn Kalimantan andd Sulawesi §nds in Indonesia
Three of it mest pepulated islends ane Barrang Lompa,
Barrang Coddi, end Kodinganeny ]'_m:rlpu Despile hgh
anthrepogenic disturbance factors mast ikely occurring i
s Blamls, hene aee AN sgnilicam anommis of sl Erass
consystenes that can be fand on these mlands. However, &
sauiby 1o amalyee e pecent cover amd hion@ of thess aes-
graswes has nol been diose yet. The mam obpective of this
sty = o map seagres d<tnbubion and the otal areas on the
three merd populated islands m ke Spermonde Archipelago
uaing e dfilfferen) spotial resclubios imgencs, Senting]-2
anad Lamideal ¥, Several viriables, mcluding seagrase demsiny
und bicmiss, were measured directvEZthe field 1o find &
correlstion betwesn bn siip valuwes and MOV salues derived
from Landsat 8 and Sentinel-2 image analysis.

2 Materials and Methods

2.1 Study Sites

This :.|.|.|-|l3' wiss cemibucred on three islands: Barming

L

Lanngis
(BL), Basrang Caddli (BC), s KEhgareng Lampo (KLj.
These thiee islinds ore pun nhh-: Epermonde Archipelagn,
which i Incated west off the coast af Makassar Ciy, capital
of Seuth Sulawesa Provinee, Indemesa. BL Bsland s located
ars® 3T 435757 3 0.4 " Soaith Lasliede (5L and 119
19" JRTIR"-1197 19" 40.217 East longitwde (EL), whach
= 1248 km from Makasear City. Mennwhile, BC Island

£1 Speinger

im located at 5° 4° JES3ET -5 3UOTTRY SLoand 1197 19"
PESSTY 1197 k9" 16.21" EL wath a distance of 1098 bm
from Makzssar City, while Kidingareng Lompo Island
i lecated al 5° 8" 42536757 00 434" SLoand 119" [5°
45 M —FE9 1S 3850 EL with adisince of 1524 km
from Mlukassar City, Based on the distance froam the mai-
land, the three islencds were meluded in chie mudidle zone,
wiith the distance o the mzinland coasiline hetwesn 10
and 20 km [Fag. | Fiekl dala were 1aken al BL, B, and KL
imlancls fram 3 s 14 Jene 20200 Dota derived from alelhe
images used for this gudy were acquired from 52 on July
8t 2008 and Troms Landss & (LA on Jasaary Gak 2004,
2.2 Sateliite Data

221 Landsat B ard Sertined-2 Image Pre-pracesiing

Smelliee image dota nsed in this siudy were acguined fiom 52
o July 29h 2009 nd LE on January G 209 Gwmmrm;-
coarecled 52 images of wilers west af Scuth Sulawesi were
deremloaded from the Evmopean Space Agency (ESA) laia
p-:ml wluib: images fromy Landeat & were dewnloaded from
LSO Glods. Admosphieric curmection was conclocied usng
reclcemeenric cal Bmon (MM o roflecance) and DARE OBJECT
SURTE Actiom {50 ko remaove the almospheno effect om the
imapes, sy the darkest pisel value was sero | Chinves.
1%EH) Sam glin coerection was apphed on 52 imagery 1o cor
et sunlight reflection. This cormction was ool pesformel ai
LA inmeagery s e imges were Clear emongh Tenvever, o jun-
sharpening dechnague was perfirmed 1o facilitme nepretasan
for image classfemion. Sen ging comrection for 52 imagery
wins carried oul usingEElgorithm develiped by Houchberg imd
Atkinsemi 0B and refined by Hedley er 2l (2005 as i the
Ellmig LR

B = B—i RNIR - MinNIR), in

&', ix the J channel value after being redoced: &) is dhe
imital ¢ chanmed valie: by iz the amown of shape of the e gres-
i RNIK 15 the NTR channel value: BMinMNIR % the -
mum MIE channee] vulee.

Adhmeospheric cormaaions and wises ool umm corection were
el Ao e mgtes oSy shalkov-vaier Raiiars and s
grass percest coved { S0 wsing supervised elesdfcation, The
s for sparinl e [rmm-:.im.ml it integralion with
no-spitial data can be seen in Fig. 2 WalEBalamn correction
micthie] was applied to the mages uxing depth snvariant index
(EMIH alpcrdhm I:].l]'_g.'.!mp [19E1]. The DT method rocuces
Wz T e of e wab colunnmn ol cheanss insge s of =ful-
Lo wider habitals oouwkl be obfained. Points on the samd anea
were useil o bl o meade] i chisin the siaminoen coefficieni
of the: waser colummi, This is becouse sand objecs ore casier
b recognize i the imazes. widh the bright whie appemraace
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Fig T Sruely siiz on BL [Harrang Lompe). B (B aremg Cudl), snd KL (Kesdfingarerg Losspo) istinds, Speresande Archipslapn ook Sulewea

|milomTi R

bezcaming & ke bdue color as the waer depih inoneases. The

ol El.l."ll|'_||'.:|:-l.'l.: im il PrOsss Win

DI = (L] = JIESE ] In L b (2
£k =a— KK I L] (34
a4
= —_[d

A1 i 1e clepih imvariang indes; £ i the @ bancd reBEwe
vaduey L 1x the J-hand reflectance value; &% i the §aad §
band atfention coeffcient mbo o, s the f-band vanani: o,
15 1he [-baind variad; g 05 the ©and § e covarian

222 Image Classification Based on S8

il":l:-:'l"\-\. thad hime been comeched werne then classitieo |i'\-|il'll_|
an ansmpervisal classification methed (Beochis), The nesulis
were then reclasiliod based oo groumd imeth data. The final
chassiigiriom of 5P waEs divided inls heed calegones i,
[vwe {029,950, medinm [30-5% %% ), aond high (60-100%: )
These cagegrries were then wsed o deermine hiomoss sam-
plirg painas

The classification mapping socurscy was Lessd using o
combusion matrix methid w0 caloulate the acowracy value of

=] paieger
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Fig 2 Flosscluin ssalysis of
iz proton me b i | il | |
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seagrmes hobdtat mapping. [8 was done wsang o mosrix tehle
thst coffBres closses from sareflie image classificntion witls
in situ dalz (Congalion and Green 00, The error matris
methed used m this ssdy followed ke fdlowing Foomula:

Ili,. 5T HE:_—| .!f“- = E:-| |:'!f|'+ Hxi-ll'
M= Er-ll:'lfl'f " xﬂ]

3

+.1.3 Image (assfication Based on Seagrass Density
The MDY (nermalios] difference vepetation mdes ) algo-

rithim has been used fo messure vepetation density level
{preenness | using the reflactance valees of the near-indrared

2} Speinger
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Scageass Hicmms

(IR mnid rexd bands (Mwoet ol 20050, Seograss beds esoally
aroes bnshallos westen, with the WDV indiex valse mnging
friomn — | oL The feomula wsed for MDY was:

MIR - Rl
NDV = j
IR+ R (6}

MDWT i the nismahyes dilforesce sepetafion indes; IR
1% 18 short infrased hond spectrol efeciaeces; Red is the ed
b epeciral reflectance,
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Feg 3 Seagrass desibuson maps of A Barrarg Lesspo. I8 Bamang
Cmhib. and T Endmgarerg Lompe veng 1 m spabal resobsiion Sen-
tinel-2 imsgery, with the acquisiio dee s July 2%h 2000 Se ggras

2.3 Field Data
231 In Sitw SPC and Biomass Sampling

Bheraeadl oy the unsupery sed SPC image chesificaion, Gl saoons
were deignated on eacly island o5 the sampling poinds (20 for
eich SPC caiegories ie., s mediom, and high. Insiw meas

uzemaenls of SPC aml segraes densily were camied ouf wsing
50 oms 50 cm plol {MeKenxiz et al. 2001 ). Seaprie species
were also kdennfesd inevery plob A and ke phat C200m = 20cm
pheal win placed within the bigeer plol o e scapmas bio-
s The plol wis ploced hasad on the types of seagracesihal
exml within the higger plod so thim all ppses of seagrassss in e
plol ool be extmicted Seagrivs boomurs samples were calledid
woilh ot up fo-d0h ey D, Vined chizomes wene © iy
u machete before packing out any sunple. Segmes samples oo

sistimp ol reits, rhagomes, leases, and madribes wone collechzd
fronmy emch statom: Substraie sl dird wore demned ey o
the smyples pnd then each of them was pan inio o bbeled plastic
bag fow farther labsormory mrahsis,

2137 Biomass Anabysis

Iruthe lbombory, samples wene cut imo e pers, the bomiss
uborve the sediment or above ground basmass (AGE) whach
consigs of keaves gnd leal midribe. and the belowe-ground hio-
miss I_|']-U|:n~'|'lll.'.l s las ol ilrcdnes and roots (Rolw & al

Y. The sasples were then ovensdried (60 °C ) amil & oo

i weight weiy nchiever] (L yimn 200 6). Samples wene then
welghie using o b0z precizion bevel dipinal scake. Seagrass

TR

-

(L]

o am.

L S

werd giegoried N these clides, . U-2WUE [loayy, 30081
Imradiumi and k- 102 Chigh s

Paamis per shood was calevilaied by dsdding ihe fal welghi
o mach ample by e petal nemberaf it shiols. The mean bic-
e per ane (gime s for each seapnns pencent oover clegnry
wns dfimed b pnubupdying the mumber of buomass pershoos
wilh s iype ol asagnies daisity, The nesali vidue was then
mdﬁ@ ‘the ares of each of the [Eroeat Cover Calegoniss

tis et the foial Biomass per calepary,
233 Regression Analyss

The gurclabionn botweon baoamin s AGER, BOE, and 1ol buoomass)
i Ehe SPC ressalls on every isaned was determined using negres
san linear malyens, Represson sk was abio perfonned to
i e comrelation betocesn fiek sarvey data din sito percein cove
amif v ah with spatial dop (pement cover and MDA valie )

3 Result and Discussion
3.1 5PC Based on image Classification

The scapraes maps wers gencabed nsme o pizcl-tascd Clsai-
fieution methid (ursupervise] classificationy. 3 highly popu-
B8 iclunds in the Spermonds Archipelopo were snalyeed
im this stucly. Based om the results, 5PC in KL was mainly in
Il;;nmgu hetween W and 59U | mecium ), which accounds
G 0 385 ol The ol seagiass, ares on this islaedl, Siomikely,
SPC om BC amd BL islnd s wone ol mainky drarsaerizaiby
the medinm SPC calegory, wiich acoounts for G2.71% and
63, T4, respectively, of the sl seaprass arcas that wers

£ Springer
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Tabde il Peicunl cives ol sesgris soca T Sealiscd- T gy clas-
Rilicaitipiy

Neuwgiias pesce i ciner 0 A i i |
1200 [Birw 151
S-RUY | umn TH3E
1= 110 hagh) LR
Uil toiad 120,57

iclendi fiedl o each dslanel. Oreerall, medinm 5PC Gilegory
aciouats for 62,02% of the tolal seagrass area ideniified on
these ihaes islands (Fiz, 3 Takle 1), Spermonde Archipelgno
hexs 6585, Mo of seagrass, 20 i con be said thai these fhoes
Islanas comtribute sroond 18885 af the 1otal seagrass in the
Spermonde Arclipelagno:

el -hased amalbysis was olsio applied on LE images o
@IE segprae disrdbubon maps oneach islasd (Fig. £).
Drez 0 = lower spattial nesalagion (30 mL, seagruss maqping
using LA was coly up t0 the aquotic hebitan codnion or
sz rims disimbabon Lhat wie able o be classificd usimg LE
IFig. 4; Tehle 2). Mevertheleos, the resuis betwesen L and
52 show simidar seagmes spadial drgnbution. 4s can be seen
in Figs. 3 and 4, seagrass s domizantly growa inthe wesiermn
area of the xlands, winle the eastern pan remzined harsen

There were diferences it seagrass areas calculated
with LE anel 52 imoge promeesing. Calealation with 52
resnlted in o larger sarmss are by 24.25% on KL Ixland.
2075 on BC Istand, and &09% oo BL Islaml comgared
with L&, Seagrass mops of KL and BC islands show thai
each island has several dominanl and sparse seagrass dis-
irtbugion spoes (Table 1p The seagrss-dominan areas al

i N i N i T
[E1)
i
|}
g
: E
]
B &
= >

Tabile T Tidal weagirase anca by Leslusl Band Sealissd-2

B LT Arex by Landse Area e o ponel-2
Aure s [Ba Vears LT ] Years
L F1AA mis LEN [ Hin
B Wnl i 1202 2{ia
B &6.30 i ] 07 TR

KL ol BC sslands were mostly on the west, southwest, o
the searth af the island, while on the morh o Lhe east sxle
ol e ihadls, e seagrass disgribution was sy sparse,
Tdentification From Ehe swrvey ancd senial image s indicale that
lack of seagrosses on ihe casi sides of ihe islnds o oc
tar water dleptl pnd husman activitiss mostly cemered on the
east side of the islmed (ihe side tho fuces the maininds. This
witde was the main chamnel fixr local passenger shaps (Fig 5:
A0, B O and the pont aren of ench island.

The south side of BC anc KL islinds were moestly cow
ered with while sanils which were exposed during lew tide
amd, therefiorg, nod swit#hle for seaprass o prow, Sexgras
diszribution on BL lslend was sl evenly dissribuned an
couh side of il ixlaml, exaoeps alihe arcas arowmd 1he n=in
pert. BL is o hdghly popularesd island and pocked with house
setileif@s. People often dispese sheir househeld orgasic
winshe an lhe wesl side of the mland, with the wasle enfer
img straighd inio the =g and the same thing ocours an the
caher islands . Henee, e (o thds sctiviy, disposed orgasic
mutcrigls om this moe of the ikl b resnlod iningrcas-
img urganic molnienks npals which suppaod seagriss growth
Aucan be seen imothe Fip 542, 3B2, and 3C2 there are

e TR

R

Fig 4 Aneprass disicbusnn maps of & Barrang Lopgo, B Bamang Cadib and © Bodmpares Losspo wing 30 m° spetiad resnbiton Lasdsal 3

TELE Inesgerny scrpuared oo Jamsary fith 2119
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Ra 5 Acnd phodopragis shestig e shadlive wiser cisdinog o6
ik sl mmd the wesi side of Kodmpareag Eompeos 08 -AZL Barmang
Criddi fHI-HZ)] sad Bsrmag Lompn (L1021 slstds. The east sides

more seagrass beds that cm be ohserved on the west sicdes of
e mlands duee fo 1 dispmal of richor orpanos madcriale
commpared Bo the easd sdes (Fig. 5AL, 581, 5C1) NMotrnenl
enrichment eshaneed seagrass hiomass density, pamicularly
in increasing the shoot biomass (Cobacoen al. 101 3),

3.2 Acouracy Test

The arcuracy test of the 52 image classiicasion reslis was
vitained ssing Bedd data, Field dola wsed '.'nu.a:-iuumlu o
sesigrims cover phodce that have coondinnies. Besed on the
Iritgi e by resulng. the cverad| peommey of the kapea value
o cncty image wae KL Tsdumd T5%, BOC Isbead 82005, and
BL falend S00EE.

3.3 Seagrass Percent Cowver (5PC) and Density
from In Situ Measurement

The resull from i 580 messuremend shows. hal scapmiss
ety and SPC hove o symched paltem, from oy o high
denaEity. ond low, medium, and high caeporics, respectively

of the isfands 41 B asd OO0 alioween] less seagmass beds o (he
wisd giden nfthe elands (AR, B2 25

[Tathle 3). In worne cases, the seaprass dendly valoe may be
Inigher in the peroos cover high cascgory than in the mediom
o oy categary, The onsistent patlern of seagrass density
im gl shree islands (s mone Bkely doe toghe relatvely imilar
compositon of sesgrass species in the three peroent cover
l.':|l.l.'llu.

Hix speoies of seagrss were fomd on the three sclomks,
e, Erfadui woerider, Talesilo fermpeichild, Ovandocen
rrtuanetn, Molawdule aninervis, Holaphifn eeelis dan Syein
genftam pseerifialiam, Seagres compositom was dominated
by T frewprachild in all colsgories, An excephon was found
o KL Bslanel whese © renienehatn domi sated the low ea-
cpory (Fig, i),

3.4 Correlation Between Density of Seagrass Using
WOV Algorithm and Percent Cower of Seagrass
Usimg In situ Data

FONT Barx b wide ]y ped moseveral stuhics in doressn fo
el vegetaion bomos:, gremnmec; kevel, primary prodae:
ticen, aned dioaninam spoces in veperation, The MO | indes vahue

£} fpaisger
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Tabde 3 Scggruss dedsiny ani

Mol Categiey Diensiy ¢ shoansin' Percem cover (%)
pescenl coves Tram s = n il
Mzasroma ek BL B KL BL BC KL
Hiili 4RI =7 30T THIS e TI.MY
Blidines W76 201K e 2525 JH . I07
Lo 1Gh IT4.2 ok 135 239 {1:1:] M)
EL Bervrasg Lompo 80 Bamang Caldl, KL Kedisganeag Lompa
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the kevel of density of the vepeiation canopy

Thie relaticmship betwesen SPC fram field messunemens
and NI valies wis umalyzed wang algarithmic misdeling
with linesar reg ression The regression equation wis obiained
from the nelitiomeshap hetwaeen the NIV wloe of 52 images
und the value of in situ SPC. The algenithm ablaized was
=053y — (L TEE. Regresscem amalysis shows alinear corne-
laticon berween NOVE and in situ data with 8° value of (1.8155
Tz & walwe indicakes o suong selaiogedip Detwen e i s
SPC aind thee NI volues of cotellise imeges {Fig. Uh

3.5 Seagrass Biomass
3.5.1 Total Blomass

Frsuli: from laboatory analyss dhowed oopras: RGR inall
Islands and in cach seagnss cover colegory wene higher thon
AGH. Seagroes BGE value on BL sl on avenge waus four
times higher than AGH. Meanwhile. the rafio was smaller
on the other two asdamds, wisich wis about thaee o three
i 5 holl times higher (Table 33 Biomupss dored nmber the
sythadmabe s ome of the for mes of seagrics mfaptation, Seaprasc

2} Speinger

premn im ahallow waters, whach makes il very vulngrahle o
the infleence of waves, Withou! speci e adapialion, seaprass
can be ecadly oprocded by the waves, Seagrass adapls by
storing mose photosynihetic produecis wnder the grownd than
abave, therefore, itcan soy s4ll undes the impoct of waves,

Among the three slancs, the highesd average biomiss was
ol oy BC Ixkincl e for BGE. AGH, or ghe bota] bomass
(Tahile= 41 This w more ikely due &0 the bepe oomposation of £
wrovraaer, eqpecilly m the lhgh-peroen cover category. The
percent cover af £, moeroider neached 23.2% oo aboal M55 of
the total seagrass cover in the high dff3boey of the blend. £
AT [ A L P seagniss species DWiyeal et al, 20040 wod
the lurpeet seapross species that con be fousd in Endonesia.

Seagrams BGE was generally weighted higher thos A BG
in the seagraes calegories on the three islands; Figh cat-
eperies domimated seagrase s an the three diferent islanks.
Thiese was a oAzl of $02 bon dey weight/ha seaprics booimss
tm BE Eslamd, 383 ton ey weiplhitha on KL Islaned, and
11549 pom chry woedghttha om BC Tsbd (Fip. 100,

.52 Comelation Between Bipmiass in Situ and MDY
The correlabion beiween the izl bomass o the MOV

walues al the Lhree islands was anabvzed, B valus acquined
e regme ssinn analysis were (&0 fior Lanclat B, aml 043
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foe Sentinel-1. These B values indicate o low corelation
between the wial biomsss vakie and the MOV vaboe, Oner-
all, NDV1 andBrbon binmass of seagriss shiwed & linear
rebdion (Fig. 110 The igher the total bionmas: value, the
closer the MDY value will be 10 0 (solid seagross cover
comiditbomy, while the lenwer the folal Baomass valee, the
closer the NIV valze willk be fo — 1 {kew sgros cover
conglitisn|,

Mlareover, o BL Islond. the biomass valie has mons von-
ation in the high seagrass cover cascg@l tham in the low und
medinn caegorics (Toble 41, This is dog ioghe various spe-
Cies comperition. Some plots were T2 hesprichi domdnand,
while uther plots were mre £ acwoides dominant, Mor
phologaealty, the two sragrasses hvve differest sives. there
fore, 2t the samdfover percentage, they have very different
bBioonass values, Tinthe low and medium seaprass cover cat-
eparies, T kempfBi wos comistently the dominant species

Famnlwrmore, inihe kigh ssageass cover category, e
wis quite & bot of cverdap betwesn leaves, especially with
the T Aeanprtedid species. In some plots (Fig. 100, @ large
addition of seagrass cover value can oy cause a small
imereasz in baomass value. Meanawhile, m other plots, the
adddition of the same emount of seagrass cover valoe {Bo
il g sobesantiol Biompas value, Howewer, o the high and
medinm sapriss cover calepones. the cverdap between
Ieves wis less. Acconding o Molkombassi, ef al (20200, the
hiphy slopes valee of T bempeichil seagrasy regression equa-
tive a4 high percest coveffvas because of the oveslapping
leal canopy, resubling in & kgh iacrease of Momass value
de@lYe the small akditicn of the percent paver.

£ aearaioer sl O polradeta signidicantly comdributend
10 the medium fo spares percent cover calegory on KL and
BC islands, This causes the hiomass values of those twis
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calepuries o vary lorgely. The contribation of the tvo ses-
primses was ghout hall of the dominam species T, fewrp-
rachid, while om BL Bsdand, it can readh o quaster in the same

calcgury.

4 Conclusions

The resll of this saudy Sowed Uat Mere is & sArong cor-
relsion between in situ iesgruss percent eover und MDY
valnies desived from the o sarellite i mages, Howewer, the
comre labon between in sl seagrass Wolal biomess ond the
DV values showed a relatively weak comelalion. Image
classiheation showed that sesagrass was dnimibsed mostly on
the wisl sidc of the jﬂmd:@ thers wens sixn scipErass ypc-
cies idenidied om the sites, o, E aoereider, T e pohirr,
O rerndadie, B wminersts, Hoealls and S oei@limn In
this sinely, we also discovereld that there was a digpanity of
seagrass imlal cover area between Sentinel-2 aned Landat B,
e b spudizd reselution diferrencex. Sentinel-2 imapes werne
nhle 1o clmxify seagrass disinbution op o the seagmes don-
wily category, hivwever, Shey cind be applied fo diffesens
Liale sagnass density based on speaes, Meverlbeless, both
Sentinel-2 and Landsat 8 are useful for seagrass condition
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