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Collection of ecological data from coral reef habitat mapping of Sekisei Lagoon

using satellite imagery

Shuhei SAWAYAMA® and Teruhisa KOMATSU**

Abstract : Coral reef habitats worldwide are now seriously endangered due to various human
or natural impacts. In order to monitor and conserve these habitats, it is essential for scientists
and managers to collect their distribution efficiently, which is expected to be achieved by habi-
tat mapping derived from satellite imagery. The ALOS AVNIR-2 imagery of Sekisei Lagoon
(in Okinawa, Japan) obtained on 31 May, 2009 was analyzed to collect ecological data experi-
mentally. Groundtruth data were obtained in Feb, 2011 around Sekisei Lagoon by the survey
on ship using a towed video camera. From radiance values of the image, Depth-Invariant indi-
ces (DI-indices) were calculated to remove the water column attenuation effects and applied
for classification as well as radiance values. In the classification of DI-indices, class number
was changed from 4 to 3 to assess the capacity of the classification detail. As a result, the clas-
sification accuracy of the mapping by DI-index was significantly higher than that by radiance
values (p<0.01). Similarly, mapping with 3 classes was resulted in higher accuracy than that
with 4 classes. Tau—coefficient of the resulting map by DI-index with 3 classes reached 0.72,
which supported the thesis that DI-index would be effectively applied for coral reef. Ecological
data which could be extracted from resulting maps such as the status and distribution of living
coral or information about pach reefs were argued. It is suggested that the potential of satellite
remote sensing added to conventional methods contributes monitoring and conserving coral

reef habitats effectively.
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Fig. 1. a) Original AVNIR-2 image of the Sekisei

Lagoon and surrounding islands. Green and
red dotline encircles the area of Sekisei La-
goon. Blue rectangle indicates the location of
research site (Fig. 1b).
b) Map showing the research site. Blue rec-
tangles with white numbers 1, 2, 3 and 4 cor-
respond to the locations of Fig. 6a
(Takidonguchi), Fig. 6b (Shimobishi), Fig. 5
and Fig. 7, respectively. Orange color dots in-
dicate the location of ground truth survey
points at intervals of 5 sec.
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Table 1 ; Standard for identification of classes and visual examples from the videos. The coverage of Seaweeds
on substrata are not taken into account.

Class Name | ab. Standard for Identification Example of View

Any substrata covered with living
Living Coral | Ic |hard corals regardless of
phylogeny or morphology (>30%).

Bedrock substrata made of dead
hard corals, or covered with their
fragments uniformly, except for

”

those identified as “Ic”.

Dead Coral | dc

Flat substrata composed of sandy
Sand od partlcles thh relatively small and
uniform size, except for those
identified as “sg”.

11044353
2011, 2. T

Flat substrata composed of sandy
particles mixed with rubbles

sdrb | (fragments of branching corals,
mainly) more than 50%, except for
those identified as “sg”.

Sand with
Rubble

Flat substrata covered with living
seagrasses (e.g., Halodule sp.,
Cymodocea sp., Syringodium sp.)
(>30%).

Seagrass sg

(1981) OB LA DI feiE#EH Lize /X2 N, Lis; 2Ny R i OMSHEEME, Lsi; N FiD
imoEons DIfEH (DI BUTO (1) =K HKEDF4HT R E WE 7 2ILIC B 1) B HGHREEEfE,
ThHzoh3, Kij; 7SV Ki, | OsHEARELED

BT D%/ N > ROWED E 7 2 IVIiZiE I3

DR D g e 2 DN A LT A5, oh

T XimIn (Li—Lsi) @ HENY FEAICRES N FHARLSZ LT

L L TCHPEEEEAE (L) 12 Ui, RIS, B O
Xj=1In (Lj—Lsj) 3

MHEONI O K D BKEDO T K& iIcE
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Fig. 2. Scatter plot of X values for Band 1 (B) and
Band 2 (G) from the pixels of “sd” accord-
ing to GTD. The slope of the regression line is
equivalent to Kbg.
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— T o5y T A EEY T (o).
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WA D, HREO RIS IEREE LTHL S
ZEMTEB (Ma and REDMOND, 1995),
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wRM BN IFRHIZ O TIE, Ma and
REDMOND (1995) @D Tl » T Z e 4T,
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3. 1. BE/o %
HESHICH OO N R 1 (B) EXV K2
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Fig. 3. Map of the research site corresponding to the area of Fig. 1b, after masked out the land and deep sea
areas : a) Lb image; b) Lg image; ¢) DIbg image.

BKEDKENMIES W TEE O MHnEN T,

/NI X Lb, Lg O#igh s 3 >0 7
I 212 & B ABHEATT - 7285 R, Fig. 4a O &
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FodEH. Fig. de MEhZhEShic, U Dibg
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ZTHE LR (Fig. db&de) %2HiEET 53 &,
HiHE Tld sd & sdde B L D& - T B3 D5,
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ESE RV AT L (A F S TACY (R AT NER MNE oF (N ' N
Lb, Lg Wific & 3 73 Hiks R & Dibg mifgic & %
L7728 TosBREE (Fig. dakde) 3.

RARIC b K& BT - SRR &7 - 72,
Fio, BRIk S N Ic s BB OB b L —
SV TF = E LT 5 iR
(sg) DAL TN, EEAEMde R e
ISHEASHSh T,

3. 2. HEEREE DET

Fig. 4a, b, ¢ & TOSMHHE R 2 HIT/ER U 73k
ZITHE. B IN K BREIRR (22— 98
E. 7T - AROBE. ¥ YR
Dfti%. Table 2a, b, ¢ IZ/RT o

SRS O BHEIT X B 43RS E O & L
L7c& 2 A, Lb, Lg Wifgiz & 2 5%k (Table
2a) 13 DIbg 1T &k 2 3%k (Table 20) 12k~
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I dc
.
[ Isd or sdrb &

AT OSERERBIC DO TERWMEE R Ui, 4
IZle it >0 To—HFEEEIE, Dlibg Wifgic k5
SHETIZ0.78 EEWETH 2Dk Ly Lb, Lg
BRI X208 TIR038 ERELHP LTV S,
—F. lciconwTo7aTF 2 —HiEEITEhEh
1.00 £ 0.86 T, T—YHEEIZERELETED, -
72o TOZ &iF Lb, Lg Bz X558 Tidle D
DK SN 2 Bhnd b EAERKELT
Wb, EIWMED Y IR (£hZEh0.45&0.72)
COWT ZMEET -T2 &2 A, ZIHIF3.17
(>258) &b, HEKIEL B THEEEICH
BEAO EOSEEME SN,

T8 T ADOIC L BHHREDE A

I dc
1. 3
[ lsd or sdrb 3

Fig. 4 Results of the classification of research site,
corresponding to the area of Fig. 1b: a) by Lb
and Lg with 3 classes; b) by DIbg with 4
classes; ¢) by DIbg with 3 classes.
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Table 2 ; Error matrices of each classification and calculated coefficients of accuracy (User’s accuracy, Produc-

er’s accuracy, Overall accuracy, and Tau-coefficient)

4 classes; ¢) by DIbg with 3 classes.

: a) by Lb and Lg with 3 classes; b) by DIbg with

a
Reference data User's
Ic dc sd or sdrb]| Total |accuracy
Ic 6 7 3 16 0.38
mapping dc 1 3 5 9 0.33
result isd or sdrb 0 2 15 17 0.88
Total 7 12 23 42
Producer’s accuracy] 0.86 0.25 0.65
Overall accuracy 0.57
Tau—coefficient 0.45
b —
Reference data User's
Ic dc sdrb sd Total |accuracy
Ic 7 2 0 0 9 0.78
Mapping dc 0 8 2 2 12 0.67
result sdrb 0 0 9 5 14 0.64
sd 0 2 2 3 7 0.43
Total 7 12 13 10 42
Producer’s accuracy 1.00 0.67 0.69 | 0.30
Overall accuracy 0.64
Tau—coefficient 0.57
C
Reference data User's
Ic dc sd or sdrb]| Total |accuracy
lc 7 2 0 9 0.78
mapping dc 0 8 4 12 0.67
result isd or sdrb 0 2 19 21 0.90
Total 7 12 23 42
Producer’'s accuracy] 1.00 0.67 0.83
Overall accuracy 0.81
Tau—coefficient 0.72
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Fig. 5. Extended maps of the area representing the improvement of classification due to water—column correction
(corresponding to the blue rectangle with number 3 in Fig. 1b, upper-left; E124°04'55.2", N24°18'10.9"

lower-right; E124°05'57.2", N24°17°21.9"),: a) derived from Fig. 4a ; b) derived from Fig. 4c. The influ-
ence of depth looks larger in former than in latter.

Fig. 6. Extended maps of two marine protected areas in research site derived from Fig. 4c : a) Takidonguchi
(corresponding to the blue rectangle with number 1 in Fig. 1b, upper-left; £124°03'56.4", N24°20'46.1"
lower-right; E124°04'43.2", N24°19°59.7) ; b) Shimobishi (corresponding to the blue rectangle with
number 2 in Fig. 1b upper-left; E124°03'15.5", N24°18'47.7" lower-right; E124°04'05.8", N24°18°03.0").

Fig. 7. Extended maps of the area in which many patch reefs are distributed (corresponding to the blue rectangle
with number 4 in Fig. 1b, upper-left; E124°05'44.1", N24°16°37.6" lower-right; E124°07'14.1", N24°
15'34.7") : a) from Fig. 4a; b) from Fig. 4c. Distribution and shapes of patch reefs look clearer in latter
than in former.
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