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Abstract

Antarctic penguins are known as “biological indicators” for climate change in the Antarctica. Mon-
itoring the dynamics of the population of penguins and their colonies can reflect the climate
change of the Antarctica and provide a scientific basis for penguin protection. Due to the influence
of the resolution of satellite data, the remote sensing identification of penguin colony is still un-
certain. In particular, the spectral characteristics of the mixed pixels of bare rocks and snow may
affect the extraction accuracy of penguin colony. Choosing Emperor Penguin (Aptenodytes forsteri)
as the research object, we used Landsat-8 image in 2018 combined with visual interpretation to
analyze the feces area of the Emperor penguin. Results showed that the spectral curve of the
mixed pixels of bare rock and snow was similar to that of the Emperor penguin feces. Two curves
have a trough in the green band and a peak in the near-infrared band, and the trend is similar in
the visible and near-infrared bands. This similarity is an important factor affecting the accuracy of
the extraction of the Emperor penguin colony. A statistical analysis of six bare rock samples from
the Ross Sea area showed that the spectral correlation coefficient between bare rock and Emperor
penguin feces could reach 0.96 and the band difference is small. Combined with known emperor
penguin colony, this study identified 42 colonies of Emperor penguin and 6 areas with severe in-
terference from bare rock in the Antarctica. The similarity of spectral features between bare rock
mixed with the snow is an important factor affecting the accuracy of remote sensing information
extraction of Emperor penguins’ colony, which will provide important reference for improving the
accuracy of remote sensing mapping of Antarctic penguins.
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1. 51§

A AR X DR R R R A B, 2 N RIS B BB/ ARSI TR, RN RS AR R A R
TR DX IR 1] o 5 5%oF 22 Fo i M RV 9 A S8 IR o L ABURK, 2 PTSE (R AR AL AE AR [2] . R REAE R I 2
Yk, WO AR SRAR AL “AndEoRTR” [3] [4] [5] [6]. A (Aptenodytes forsteri) & FLIA B A% 70
i, WA RGP IEACE AR A S A B AR IE, A R R B AR AR RS R G SRR R AT L R S A
REAP S,

BE A B AR B, ) FH I8 B AR TR R AR A RS Bt e B R O T RE . DA AR #R
W TDE SR Landsat $2 U ARAS [F AP ARG S 1 [5] [7] [8] [9]. Fretwell Z5[5]F]f Landsat-7
ETM+EE 2] 7 3 ma Aty A RO S A J, LR 38 AN ARG S tth o PR 8 S5 [958 i 4 2 4B 4L
BUAS A8y %1715, FIA Landsat-7 ETM+EHE SEIL T 3 m Ay RO S A U0 . s R TR
PEAE VR ) A RO 2 A R B SR AL T B R [10]-[15]. Fretwell Z5[1015 FH & 23 #A4% 1R 591 7 A RO AW
BN, JES5 W SRR RIEX R, RS T IR I AR RS ECR A T, 290 23.8
Jixpa ARG . TSRS NAURIAE FH RS A 2 0 WL I e i A RS FR 41 7 58 2w ReE[16] [17] [18] [19] [20].
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Kooyman S [21]A1 F AL 22 $ds 73#r 17 2000~2012 4[] %7 it X 3 A R S b S Ab e Al A8 ik, RIS
Wity DX g AR BOR A BRI R B A RO B 38 UM A AE BRI E I, AR+
PO R I, A R T 5 v e A A R e R o I PR B L

BRA T P M A TG AT S St B A P i 7R 2, o 5 ) RS A R 0 AR BORS JEE ) B RS R K
Fretwell Z£[5]7EFH LandsatETM+& U (S REW S H8 1, 5 RO AT, B 40 (0 Bk
ZWEBBRFEFERT 0, AT Res ARG E 1R B TR R AR [91R FH HE BB VE 4 & 55 7 B 7l
ARG DI BEAT IR, 5 R T ASTER FREdGil B vhos A YU RHE, o R AT SRR A o R S IX 1
W AR TEEIBOR, 153 21,745 km?, H AT 2220244 FARAE 1R 8O X MR A TR BRI [22]
[23]. FIRERA 5 RS OGN RAAL K 22 57 b T ARG S RSB R (K2 1 75 2 — 2B T

AW TR h o B R BB TR Landsat-8 i, 0 Hr 1A - RITIR GBS i A RO S K 6 Ry
i, S A rtlen SRS K P S BRI AL 1 2 8R0E T E A RS, R 2018 M R A
ARG SO BAE S, D9 A A R I M ) (TR P 4R A E R L

2. MIBS5H=%
2.1, BHEKIE

TPREHHEKA Landsat-8 o7 #4540, T %k 5 L )5 R A R (USGS) B M
(https://earthexplorer.usgs.qov/), F=&hZmlA—2%, FUIRIIAN 16 K, 72¥EE 30 m x 30 m, it (A
42018 4F 9~10 H, JE T ARSEHEE . NS 50 REG GO, EEVE KA
LCO08 L1GT 061113 20181014 20181030 01 T2 [ Landsat-8 §41%, SA578 o5 X 3o B B X k. | TGk
/DR R LT ) )OGS S, 9 X A ARG S 5 R AR L e ), AR AR R R R AR ST (ASTER)
WRERE PE PR, KRS OGIEBIEE NS H . KiK. RS G IE RIS TEH 0.4~2.5008,
A 1141 504, MRS EAETEE N 0.4~2.5, F 402 %HdE.

22. TRk

Landsat-8 —Z¢ T2 Hdfe = i, CAHET 1)U IE AT AL DL, Ky BRI SRS 8] AN [5] 17 47 72 BRAR I
M H e BE . OKBH e A S S BN AT IS i 5, KR T LB (DN) B 08 KR S % (TOA), 7T
U R B X 28 R R AR B 7 A I T SRS R 22, A4S 8 08l 2 AL B (R mT L g

Fabk A G/ 3 A B 4 AR BIBIN S, £ 11 A8t 12 A SIEARR SIS, KOA%H 1%
WERNT S 3 RBUR BRI A RE ST, AR 7 ARG A (117 B R AT CLIRBIR BEF) 77 A RO B B . R 45
K (I [1EAT 7 AR FE WS I M, IR Z B F R BEN W A T X ARG SRS, w7 ARG 3%
GG 2k R W], LA O EBOR, WB RO BONIT AN B 2 (2) M LA SR B (NDIN A T

X B F i ARG AT
El =NIR-B @)
_ (NIR-SWIR)
Notl ~ (NIR+SWIR) @

Horp, RNAGWE, B NEGEMBOE2), NIR NELI, SWIR NHLIMHEE 6).

IR B B B AR R 8 AN SRS A AR RE AT S AR AR, Ay A RE AT S b S AL AL T3 RGP 2 b rh
] X 38, ARk D i AR S5 R e DK IR IR, RAF AR 38500, Guital RS IS dh Ze kR e (&) 1 AN
2), L4 B Ykl FL A I (Asstrid Coast). & 45 ff (Cape Roget). £l f§ (Cape Washington). JF/R 2
& (Coulman Island). B #k(Dawson). /R4S (Gould Bay). 4% i 44 3F A2 (Luitpold Coast) F13Hr i F] 5%
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Figure 1. Typical Emperor penguin habitats in Antarctica
E 1. math s RF IS S A E

®

Figure 2. Cropped Landsat-8 image of a typical Antarctic emperor penguin habitat (The
image is a true color image, which is synthesized from 2, 3, 4 bands of landsat-8) (a) Astrid
Coast, (b) Cape Roget, (c) Cape Washington, (d) Coulman Island, (e) Dawson, (f) Gould
Bay, (g) Luitpold Coast and (h) Smyley Island
El 2. ratke BT RS2 MAY Landsat-8 RGBT E(R G AR EF1%, B Landsat-8
B2, 3, 4=/EEAER) () FMEFEESE. (b)) TAFA. (o) LEWMA. d) E
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Figure 3. Location of rock samples in Ross sea area in Antarctica such as
R1 - R6, the base image is a true color image synthesized from 2, 3, 4
bands of Landsat-8
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Figure 4. Rock samples covered by snow in the Ross sea region R5 (a) and zoomed-in view of naked rock
(b), the images were synthesized from Landsat-8’s 2, 5,6 bands
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DA ARG Y, A A A RO S RS2 e 1 L, TEM R ARG IR 6 METE KRB
7 ) RS, IEEER 6 AT RS Hh 53 0] S 5 B A1 (Cape Crozier) (CC) (] 5). 8§ ffi(Cape
Roget) (CR). #Ea&iiff(Cape Washington) (CW). FE/K = &(Coulman Island) (CI). #4775 (Davis Bay)
(DB). &4 K iH(Haswell Island) (HI). G HCREM S RARE A A d ) AL By C. DL EL F,
X 6 MR XA T 50f L7 A RE T S kb B i

Figure 5. Emperor penguin habitat and nearby rock samples at the
Cape Crozier, the base image is a true color image synthesized from 2,
3, 4 bands of Landsat-8

[E 5. Cape Crozier B4 38 2t AMUHEREHAR, KES
Landsat-8 89 2, 3, 4 =NMEBARNEXGRE

FI AU B HT B FA B W i AR RS ] R 45 SR 1) T 2009 4R RS EIE ], BRE T S0 HiR TR
P, TAERBEH WL B A, — e ) A AR S R AR A B, X S ARG 3 T S A A
JRASTIE T () 77 A RGN S 25 A [24] 0 F T 4 SR B fE DLAE R (K 1R ) A A RS b, ASHE T T
Landsat-8 515, AIMIBOMAR L SR I NLH G, Wi H AL 45552 P Lm0~ %) 2018
AR RGN B, 4] 2018 AR AT ARG E M 4 A ]

3. BR5WiE
3.1. FERTE RN 2t T b T h R HAE

AR A RENE S WA AR S . b RRE . BRI AUKRIARSE (B 6), FEERIgHZkA
Landsat-8 ¥ Bt 1~7, HAhMtiE%dE kR H ASTER (Advanced Spaceborne Thermal Emission and
Reflection) Yt i & 2 o 7K ARBEAAR SR ZRAAC, R AE T WO B S A 30 W el vy T HoAth o), HL BB K1Y
INRERAE TS Ba RO RSB, Mtk E M2 RE iR BN, SRR AB0E
K. SHABHPAELE, ARG B A RIE, TR G BUFE— N RIS, 1B AN
BAFAE— AN B R (0 06 o SR AR BURMEVE B BT A S AP S, %) 4R Landsat-8 LR (s AR E AT H AR 1%,
RIVR AL AR TC o R 3 i ARG R o
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Figure 6. Spectral curves of common features in the habitat of Antarctic
Emperor penguins. Among them, the spectral information of Emperor
penguin feces comes from Landsat-8 data, and other spectral information
comes from ASTER spectral database
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Figure 7. Spectral curves of penguin feces (a) and naked rocks (b) in typical Emperor penguin habitat and naked rocks in the
Ross sea area. Among them, the red curve is the mean spectral curve of Emperor penguin feces samples

E 7. #EF IS S MER@QMBRE O LIEHLE RSN XREIEHKE . Hf, TEMEATEIEEE
HAES IR

DOI: 10.12677/ccrl.2020.95048 440 SR AR


https://doi.org/10.12677/ccrl.2020.95048

WKk

guit 6 NMHE - BEAFEAR S RO ISEIMEN M BRI R Z2E, W TR MRERAR, BN EERED
A—ARETZZEME /DT 0.1 (32 1) X 6 MRT - BAFEARN A ARG FEAE G AH A 7 AT G it o #r (&
8). ME - BAFEARI T RIS LI AH M i =8 2 0.96. Y% NDII 8, >4 El > 0 H NDII /7 0.4
A1 0.8 ZJEII, J\ANTE A REN S S B (E 2 HUREAS |5 SRR AR LU 13535 3 50%, AT - s
FEARBE RS2 DO ZEAEHE TC 70 01 o5 A A B L] 43 008 5% 2% 27%. 6% 41%. 41% (% 2). 7~
MRS - BEFEARYH GO R IEIAREIEE, JREU T CRW S, SFAERT - E AR

T,

Table 1. The difference between the mean value of penguin feces and six bare rock samples, the table is the value that mean

value of penguin feces minus snow and bare rock mixed samples

1 ISEEES 6 MRS - REFAMNIKEREE, RPREAEEHERERS - REFLKE

2 WE 1 BB 2 WE 3 PR 4 WE S WEL 6 W7
R1 0.10 0.12 0.15 0.17 0.25 0.03 0.01
R2 0.17 013 0.03 -0.08 -0.11 -0.45 -0.47
R3 011 0.09 0.04 -0.02 -0.01 -0.22 -0.25
R4 0.15 0.12 0.05 ~0.04 ~0.06 -0.38 -0.39
R5 0.14 013 0.12 0.12 0.18 -0.05 -0.07
R6 -0.02 -0.06 -0.13 -0.20 -0.21 -0.26 -0.26
12 0.6
1 - 0.482 0.964 L 0.5
08 1 0ss7 [ *4
= e
if 0.6 - 03 &
WK Ha
z iz
0.4 - 0429 o B 24E(p) | 02
== 1K 5 HU(r)
02 1 L 0.1
o 0.014
0 - m |
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Figure 8. Correlation analysis between naked rock samples and feces spectra of emperor

penguins

El 8. AE - REBASHEIEEER XS

Table 2. Classification results of habitat samples of emperor penguins and naked rock samples from the Ross sea area

2. THUBHXFH IR S AT ISR ERHA S LKER

i FAEG L) BB BT
N
Cl  CW CR AC DL LC GB sl R1 R2 R3 R4 R5 R6
SERRREA 58 61 68 41 93 51 39 30 906 606 635 632 707 662
PRI A = 58 61 64 38 89 50 21 19 49 10 172 38 287 273
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Figure 9. Spectral characteristics analysis of different mixture ratios of snow cover and bare rock based on
ASTER database and Landsat-8 image extraction. The red curve is the mean spectral curve of emperor
penguin feces samples

B 9. £T ASTER ¥UEER Landsat-8 FGIRENMARRMEMRER AL HIRSEIBFHE . Hoh
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3.3. FERRE TR R AR

FIF El > 0F1 0.4 < NDII < 0.8 (BIESHL, XFH 7S S H 3 RABRE FEA 4T 702 . Cape
Crozier 1l Haswell Island #1553 A G e RN AZEE, A HTREA K I ELE/NT 0, ST AR
RAEBREFUK. R R B EX AT 6 MREAFEARET 2, WEFA AL B. C. E. F
GRS FEAMIRBUNIAE, L2798 29%, 80%, 51%, 0%, 68%, 2%, [FINVEEFIEAFEA D #iE
RFHBRIREARNECH 0 (% 3). [F—FEEURME, AR XIS FEARP SO E AN BAFE R E I E R
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Table 3. The classification results of bare rock in 6 randomly selected habitats and adjacent areas
2 3. MEHLIEENAY 6 MER M R PIEXIGIRE 7 LRER

. FEBRIT() A BITMN)
“H cc CR cwW Cl DB HI A B C D E F
PR A 33 68 61 58 28 12 163 90 142 82 99 53
SEHUREA S 0 64 61 58 10 0 47 72 73 0 67 1

AHIEFE H AR T 3R  42 AN AR RS S, 5 P R BRHU A 12 A RS R ok R, 6
NS I A KRR (K 10). AR BORAE IR BEAT Bl s AW S R A A AE R T4, B8
BRSO ARAS BN, E SRR RO RAE, 545 e 2 PR B i DR SERE TP HL X
F1 A AP St 20 A 15 L o
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Figure 10. Habitat distribution of Antarctic Emperor penguins. The
green dots represent the Emperor penguin habitat, the red triangle
represents the region where the selected rock samples are located, and
the brown color represents the distribution of the Antarctic rocks

[ 10. MFERFH iSRS HE. FeRARRT RIS M,
TeEzZARERRERNREHAMERE, ReRREREES
i W

3.4. RAEXN I RMEREBRNNTBEE S

5 5 s o BRI — B, AT S5 A R IS4y ARG A AL TUKSE B, 4n Shackleton Ice Shelf
[25], AF7E—LLq RO St B T 545 2 PR 2 55 0] /U4 LA 43 9%, 4 Larsen Ice Shelf. 7EIT HH & 215
KB, FB 4 T s Bk K 1) 7 ARG S H AT BRI AR BRCIE R B, R X e RGBS A TR
/N, 41 Umbeashi Rock. BEAE 4 BRKAERE, OKEEHH A TE B DK L P e PELAG 7 ARG 2k 8 £, P B 2ol pl
IERACSGEHE RN A AL, PRI JC L B BEAAR EPREUX e 7 RO Sk .

K H Landsat-8 %4 SR EUHUE A7 ARG SS(EREA, RS BT DLRE G o 7 ARG (10 1 th 4 Al
TR 6Tt £E 5 2 T Fem, F7AEiR25. Cape Crozier £ Haswell Island 7N B 3 T g iy T FR 55 A
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li] 52 DK R 5 M 22 IR HE G 22 53 (5 3). bAMS A RS FE IS A AE AR AL B S PR RAEE AT E M. 456
Wi XA 7 R4 R [26] [27] [28], FEMRBRAFISEZ R, HARRGIUEROGIEMBIEAAEZE R, ShrE
B R 5 B — 25 3T o T — 25 AR e B A S U 2 B8 A i 1 o A RS 2 1% h 28 [29], AT
7 ARG FEAF TS 2R 0 A A RE AT S 1 ] B A 1D 1) R % 75 5t ) b Ty o A A N R Sy 2018 4F 9~10
A, ABAE, FhAE, BERREBAE, RGNS T8RS T PUE i 2 Rk A 0,
SRR N B RS T, Sebr BAEE — S RIS F A 5, R — ST AR N RS X3,
YA E EALET, S5 ERARAE AR S R A R — 2 .

m PR DRBE . MUSEAE . TE AN S5 20k B 21 R B A R AP S b TR AR R % A RS
[13] [14] [16] [21]. FE#RE ZRUKE AL S ERRG XIEG K, HON T8 70 2R 2500 TR0 A RO 5 S ARG 3
B BT H A E A B R ARSI R A DI SRR, AN AR e TR R IR A A
G 01 ) A AT S b P, AR TR (B A Ak R T PR R A R ARG AN B R A RS H = [5] [8] [10] [13].
ARG SR TN T H AT PR O S AL B SR AR S R, A S A B SR
CLE R I D7 S St AU A5 U2, BT S 1 9 1031 2 B E R A 2 [ e K X gk A7 B R, BT R
PTG 53 T DA w5 20 R B AT A o Bl TR AN b R RS, ASHIE TR H ) 2018 AFFR
Rt ARG S A7 B A, K TR e R A A RS AR DG AL A S B i
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