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Comparison between in situ Survey and Satellite Imagery with Regard to
Coastal Habitat Distribution Patterns in Weno, Micronesia
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Abstract : The aim of this study is to suggest an optimal survey method for coastal habitat monitoring
around Weno Island in Chuuk Atoll, Federated States of Micronesia (FSM). This study was carried out to
compare and analyze differences between in situ survey (PHOTS) and high spatial satellite imagery
(Worldview-2) with regard to the coastal habitat distribution patterns of Weno Island. The in situ field data
showed the following coverage of habitat types: sand 42.4%, seagrass 26.1%, algae 14.9%, rubble 8.9%,
hard coral 3.5%, soft coral 2.6%, dead coral 1.5%, others 0.1%. The satellite imagery showed the
following coverage of habitat types: sand 26.5%, seagrass 23.3%, sand + seagrass 12.3%, coral 18.1%,
rubble 19.0%, rock 0.8% (Accuracy 65.2%). According to the visual interpretation of the habitat map by in
situ survey, seagrass, sand, coral and rubble distribution were misaligned compared with the satellite
imagery. While, the satellite imagery appear to be a plausible results to identify habitat types, it could not
classify habitat types under one pixel in images, which in turn overestimated coral and rubble coverage,
underestimated algae and sand. The differences appear to arise primarily because of habitat classification
scheme, sampling scale and remote sensing reflectance. The implication of these results is that satellite
imagery analysis needs to incorporate in situ survey data to accurately identify habitat. We suggest that
satellite imagery must correspond with in sifu survey in habitat classification and sampling scale.
Subsequently habitat sub-segmentation based on the in sifu survey data should be applied to satellite
imagery.
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Fig. 1. Map of Weno Island in Chuuk Atoll, Federated States of Micronesia

Fig. 2. Map of the study area (red dots indicate the sampling stations for satellite imagery, yellow lines indicate the

transects for in situ survey)

Table 1. Topographical characteristics on the study area
by in situ survey transects

Transect-1 Transect-2 Transect-3

Total Length (m) 236 963 483
Number of Stations 25 93 49
Depth range (m) 0.5-43 0.5-9.8 0.5-3.5
Reef Type Fringing Fringing Fringing
Reef Reef Reef
Wave effect Sheltered Exposed Semi-Exposed

-

A2 WAL AP s, A A oje] WEgE $ke
o] )% (coverage)s AT

AR BHE g ZA(Reef Check)d T3]
(Australia Institution of Marine Science)®] #7F IT=F5
#3151 tHEnglish et al. 1994; Jonker et al. 2008). 53],
ol AT 4t A2A] Wk o} gu] XAA]
EXE Rls] 98 71E A2RE FRE ZTE Al
3lste] EReIT ATAEE A2A= 2 (Sand), &
9] (Seagrass), =4S (Hard Coral), 914FS (Soft Coral), =

A
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Table 2. Classification scheme of habitat groups applied
in this study

Class in situ Survey Satellite Imagery
Sand Sand
Class 1 Seagrass Seagrass
- Sand + Seagrass
Dead Coral
Class 2 Hard Coral Coral
Soft Coral
Class 3 Algae -
Rubble Rubble
Class 4
Rock Rock
Class 5 Other -

£ 4k%(Dead Coral), 3% (Algae), 2F& 13 (Rubble),
AiRock) L] B FHFE=(Benthos), MIEF
(Indeterminate) 52 7]EH(Othen)= A &5l &= 97IA 2
- H73F tH(Table 2).
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Table 3. Distribution characteristics of habitat groups using in situ survey

Class Habitat Group Color Total abundance (m?) Mean Density (m?) Frequency (%) Coverage (%)

Sand 70.9 0.4 92.8 42.4
Class 1

Seagrass 43.6 0.3 65.3 26.1

Dead Coral 2.5 0.01 14.4 1.5
Class 2 Hard Coral 5.9 0.04 234 3.5

Soft Coral 4.3 0.03 14.4 2.6
Class 3 Algae 24.9 0.1 92.2 14.9

Rubble 14.9 0.1 28.7 8.9
Class 4

Rock 0 0 0
Class 5 Other 0.1 17.4 0.1

151°54"

Seagrass

Seagrass
+ Sand

’ Sand

Coral

Rubble

O Rock

"E

Fig. 3. (a) Transect cross section of Benedict Reef showing percent habitat coverage using in situ survey data. (b)

Habitat distribution map of Benedict Reef using Worldview-2 imagery
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1.5%, 23S = 144%=2 Ve,
AGol|A T2 FZEATH(Table 3,
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AzAL $1493 E5d 3 AAA] EX v
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g AYgH o nud A Azl BRE 45 2R
7t BAYE(2.4%), QAT (2.7%), F A5 (1.0%)= AlE
3} = JAA T, °W°§ A EE w0l AFE(18.0%)7} dhtel
MAA 2 EF7E o] 10.4% FHH 71 = ATHTable 6). AF
R B V G B4 AaolA 10.1% AH 7t =
E o= UrE};&l:}. W, dF AN A3 slRR/e
14.9%% 52 HAS AA AT, 2148498 E4 0= 8l
Z57 AAAE A ZeFATHTable 6). &efjol 2]
MR FEE A8 BAA dFERA AR
6.4% a7t Eo] Z xfol7F UAUAR, 98D 4
A} 9 ApEo] mER YIS 50%E Hol A A e
S A7l 7P & Y2 28319 t(Table 5
Table 6).

AR 1, 2, 39014 A% ZA} Aol 9148974 A
,\1/\1;] _41:;— ziabdo]—/ x ].7-]] H]_u_-sl. é-"]r z]/ﬂtﬂ
2 254 Zpo|7F YR THFig. 4). 9148973 4ol 2%k

Table 4. Habitat classification using Worldview-2 satellite imagery

Class Habitat Group Color Pixcel Area (m?) Coverage (%)
Sand 50,334 164,176 26.5
Class 1 Seagrass+Sand 23,449 76,508 12.3
Seagrass - 44,263 144,336 233
Class 2 Coral - 36,201 118,048 19.0
Rubble 34,332 111,972 18.1
Class 4
Rock 1,515 4,960 0.8
Total 190,094 620,000 100

Table

5. Error matrix calculated by classified imagery

Processing Data

in situ Observation Data

Classification Coral Seagrass  Seagrass + Sand Sand Rubble  User Accuracy

Coral 3 0 0 0 1 3/4

Seagrass 0 3 2 0 1 3/6

Seagrass + Sand 0 1 0 0 0 0/1

Sand | | | 5 0 5/8

Rubble 0 0 0 0 4 4/4
Producer Accuracy 3/4 3/5 0/3 5/5 4/6 15/23 (65.2%)
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Table 6. Habitat composition and coverage comparison
between in situ survey and Worldview-2 satellite
imagery of Benedict Reef in Weno Island

In situ Survey
coverage (%)

Satellite Imagery
coverage (%)

Sand 42.4 26.5
Seagrass 26.1 23.3
Sand + Seagrass - 12.3
Total 68.5 62.1
Hard Coral 3.5

Soft Coral 2.6 18.0
Dead Coral 1.5

Total 7.6 18.0
Algae 14.9 -
Rubble 8.9 19.0
Rock 0 0.8
Other 0.1 -
Sum of Total 100 100

insitu  Satellite insitu Satellite insitu Satellite
Survey Imagery Survey Imagery Survey Imagery

100% -

80% A

S

S 60%

o

3

>

o

o

t

S 40% 1

@ uAlgae

o
u Coral
= Rubble

20% A
m Sand + Seagrass

m Seagrass
Sand

0%

TL-1 TL-2 TL-3

Fig. 4. Habitat distribution comparison among transects
by in situ survey and Worldview-2 satellite

imagery
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Table 7. Detailed classification scheme based on in situ
survey data obtained in this study (modified
from Knudby et al. 2011)

First Level Second Level Description
Sand Sand dominant > 70% Sand
) Sand and Algae >20% Algae
Sand and Seagrass >20% Seagrass
Seagrass Seagrass dominant > 70% Seagrass
(SG) Seagrass and Algae >20% Algae
Seagrass and Sand >20% Seagrass
Hard Coral dominant > 50% Hard Coral
Hard Coral and Sand >20% Sand
Hard Coral and Algae >20% Algae
Coral Hard Coral and Rubble >20% Rubble
© Hard Coral and less Soft Coral >20% Soft Coral
Soft Coral dominant > 50% Soft Coral
Soft Coral and Sand >20% Sand
Soft Coral and Algae >20% Algae
Soft Coral and less Hard Coral > 20% Hard Coral
Rubble Rubble dominant > 70% Rubble
®) Rubble and Sand >20% Sand
Rubble and Algae >20% Algae
Algae dominant >70% Algae
Algae  Algae and Seagrass >20% Seagrass
(A)  Algae and Coral >20% Coral
Algae and Rubble >20% Rubble

25 7 AY EAe) AP AMAX) EF 71%(benthic
habitat scaleys 283t G T B4 AR
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Fig. 5. Hierarchical class structure diagram of habitat mapping (SG: Seagrass, S: Sand, A: Algae, SC: Soft Coral,
HC: Hard Coral, R: Rubble) (modified from Roelfsema et al. 2010)
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