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Continuous Real Time Monitoring System of the Water Quality
at Kenting National Park

Pei-Jie Meng" ** and Chia-Ming Chang®

'National Museum of Marine Biology and Aquarium; *Institute of Marine Biodiversity and
Evolutionary Biology, National Dong Hwa University; *Corresponding author E-mail:
pjmeng@nmmba.gov.tw

ABSTRACT  Supported by the Kenting National Park Headquarters, the water
quality in coral reef ecosystem in Nanwan Bay of southern Taiwan was monitored in
on-line real time in this study. Parameters monitored include temperature, salinity, pH,
dissolved oxygen, chlorophyll a, as well as turbidity for the “Coral Reef Environmental
Observatory Network” monitoring program. The data obtained through quality
assurance/quality control (QA/QC) performance has provided a reliable and valuable
database. The monitoring provides useful information to the scientific community,
servers as records of contamination events and baseline data for environmental
conservation and uses for education purpose. Furthermore, the monitoring also was
indicative of causes of natural episodic events, e.g., cold water intrusion, in this coral
reef ecosystem. The program not only fits in the bench top simulation successfully, but
also has a successful application in field work. The results, with emphasis on the short
time scale (hours to days), in coral reef ecosystem are also discussed in this study.
Keywords: continuous real time monitoring system, climate change, coral bleaching,
coral reef environmental observatory network
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Atlantic Ocean Pacific Ocean

Indian Ocean

Bermuda Midway Atoll, US Guam Oman-Muscat
No Stress No Stress No Stress No Stress
Current DHW 0 Current DHW 0 Current DHW 0 Current DHW 0.5
Hist Max DHW 7.5(1998) Hist Max DHW 4.6(1987) Hist Max DHW  5.1(1999) Hist Max DHW 14.7(1996)
Current SST(C) 233 Current SST(C) 23 Current SST(C) 28.7 Current SST(C) 25.8
Max Month SST ~ 27.2 Max Month SST 26.9 Max Month SST 29.5 Max Month SST 30.3
Sombrero Reef, FL. Oahu-Maui, HI Enewetok Maldives-Male
No Stress No Stress No Stress No Stress
Current DHW 1.2 Current DHW 0 Current DHW 0 Current DHW 0
Hist Max DHW 13.6(2011) Hist Max DHW 7.6(1996) Hist Max DHW  2.5(2001) Hist Max DHW 10.5(1998)
Current SST(C) 22.5 Current SST(C) 24.8 Current SST(C) 28.2 Current SST(C) 29.2
Max Month SST 29.3 Max Month SST 27 Max Month SST 29.1 Max Month SST 29.9
Bahamas, Lee Stocking Is Palmyra, Isl Palau Seychelles-Mahe
No Stress No Stress Bleaching Watch No Stress
Current DHW 0 Current DHW 0 Current DHW 0 Current DHW 0
Hist Max DHW 7.8(1998) Hist Max DHW 9.1(2009) Hist Max DHW  10.4(1998) Hist Max DHW 5.9(2010)
Current SST(C) 25.6 Current SST(C) 28.3 Current SST(C) 29.8 Current SST(C) 27.8
Max Month SST 29.3 Max Month SST 28.7 Max Month SST 29.5 Max Month SST 29.5
Puerto Rico Galapagos Davies Reef Cobourg Park
No Stress No Stress No Stress Bleaching Watch
Current DHW 2.1 Current DHW 0 Current DHW 0 Current DHW 0
Hist Max DHW 7.6(2005) Hist Max DHW 34.4(1998) Hist Max DHW  4.8(1987) Hist Max DHW 6.0(2010)
Current SST(C) 28.3 Current SST(C) 21.7 Current SST(C) 27.9 Current SST(C) 30.8
Max Month SST 28.5 Max Month SST 26.5 Max Month SST 28.5 Max Month SST 29.9
Virgin Islands, US American Samoa-Ofu Heron Island Scott Reef
No Stress No Stress No Stress Bleaching Watch
Current DHW 0 Current DHW 0 Current DHW 0 Current DHW 0
Hist Max DHW 10.3(2005) Hist Max DHW 7.4(1991) Hist Max DHW  6.0(1987) Hist Max DHW 13.3(1998)
Current SST(C) 28.1 Current SST(C) 28.4 Current SST(C) 25.4 Current SST(C) 30.6
Max Month SST 28.5 Max Month SST 29.3 Max Month SST 27.3 Max Month SST 30.1
Glovers, Belize Tahiti-Moorea Fiji-Beqa Ningaloo, AU
No Stress No Stress No Stress No Stress
Current DHW 0.5 Current DHW 0 Current DHW 0 Current DHW 0

Hist Max DHW 9.7(1998) Hist Max DHW 7.3(1991) Hist Max DHW  7.9(2006)
Current SST(C) 26.8 Current SST(C) 27.8 Current SST(C) 27.5
Max Month SST 28.9 Max Month SST 28.8 Max Month SST 28.1

Hist Max DHW 11.3(1999)
Current SST(C) 26.4
Max Month SST 28.2
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— S (psu) — EABIMIE (%) — R (C) — pH — B (NTU) — JFEE (mgL) — FE (m)
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2010/9/15 15:45
2010/9/10 10:45
2010/9/5 5:45
2010/8/29 11:15
2010/8/24 6:15
2010/8/19 1:15
2010/8/13 20:15
2010/8/8 15:15
2010/8/3 10:15
2010/7/27 5:15
2010/7/21 23:45
2010/7/16 18:45
2010/7/11 13:45
2010/7/6 8:45
2010/7/1 03:45
2010/6/24 22:45
2010/6/19 17:45
2010/6/14 12:45
2010/6/9 07:45
2010/6/4 02:45
2010/5/28 21:45
2010/5/23 16:45
2010/5/18 11:45
2010/5/13 06:45
2010/5/8 01:45
2010/5/2 20:45
2010/4/26 15:45
2010/4/21 10:45
2010/4/16 5:45
2010/4/11 01:00
2010/4/5 19:45
2010/3/30 14:45
2010/3/25 08:00
2010/3/20 03:00
2010/3/14 22:00
2010/3/9 17:00
2010/3/4 12:00
2010/2/28 07:00
2010/2/23 02:00
2010/2/17 21:00
2010/2/12 16:00
2010/2/7 11:00
2010/2/2 06:00
2010/1/27 01:00
2010/1/21 20:00
2010/1/16 15:00
2010/1/11 10:00
2010/1/6 05:00
2010/1/1 00:00

285
275
24.5
235

— I (m) I (C)

2009/9/1 00:00
2009/8/2920:00
2009/8/2916:00
2009/8/2912:00
2009/8/2908:00
2009/8/2904:00
2009/8/2900:00
2009/8/2820:00
2009/8/2816:00
2009/8/2812:00
2009/8/2808:00
2009/8/2804:00
2009/8/2800:00
2009/8/2720:00
2009/8/2716:00
2009/8/2712:00
2009/8/2708:00
2009/8/2704:00
2009/8/2700:00
2009/8/2620:00
2009/8/2616:00
2009/8/2612:00
2009/8/2608:00
2009/8/2604:00
2009/8/2600:00
2009/8/2520:00
2009/8/2516:00
2009/8/2512:00
2009/8/2508:00
2009/8/2504:00
2009/8/2500:00
2009/8/2420:00
2009/8/2416:00
2009/8/2412:00
2009/8/2408:00
2009/8/2404:00
2009/8/2400:00
2009/8/2320:00
2009/8/2316:00
2009/8/2312:00
2009/8/2308:00
2009/8/2304:00
2009/8/2300:00
2009/8/2220:00
2009/8/2216:00
2009/8/2212:00
2009/8/2208:00
2009/8/2204:00

2009/8/2200:00
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TR (m)  ORREERINE (%)

12.5 170
165
160
12 155
150
145
1.5 140
J' 135
1 130 B
N 125 &
T 120 {1
10.5 1S g
110 Ko
105
o o
90
9.5 85
80
75
9 70
R S R O S R O S R SO SR N SR SR C R SR C U SR SO SR C R B SO SR SR O S S R SO SR S SR SR C R O
= O = - N A I A - - -] SSS S S SSSS S S S S
R R EE - EEEEEEEEEEEEEEEEEE I e
LYYV YLVvYvovovovovvovvovvovvvowvovovoeegeegeeeeeLeeLEees:
S fZiiEZEZEZEZs:--:-:---oooEREELS SCooioEEnEs
= S = %0 WY ==B8=3&8==D0R00A==BD0_,80H&K3S,00S0,, o
— S o armr=2RN3SFEo R mFa~I ULz sl INNssZ22yge
by IR e T S S B S R - B - T - T s B SR R g v - R V- r
LIS 2EHEESEIRE L2 RS 222838232282280 38
< S SV Yo QLS EHE YO RE LSRRG ERRER S s 3 3 S S 33
EAR-Nd [ VIRV [V VRVY
= J £ 2 4 SE AR ] = IR A CENTINIOR w 3 (g
5. KB HEE N AU TR 2 AR AR IS L 2 ()
30.4 2
1 1.8
302 O DHW —s— iy 116
1 14
30.0
~_~
2 1.2 =
S—
¥ 298 11 =
e 1 0.8 A
296 | 1 o6
1 04
294
1 0.2
29.2 : AL 0
NS T S T SS T 5 TR S S S T S T 3 T S T 2 T SO TR 3 B SO TR S B SO N S N ST S I S ]
S O O O O O O O O O O O O O o o o o o
e e e e e e e e e e e G e G e e
[ e R e e e e = e R e i — e - R e e R e e = )
= O O O O OO O OO O OO
X X X X X X X P 0 N P N0 P D P D N0 P D
— = = = = = = RN RN NN NN W W
(TS A =) TN e - N e R R S A T Y. e NN B o RN -

o
N
S

6.2010 4E 8 A

—
w

FI~30 FIFEEE DHW 5( b3
FE W BEA KB AR B A (L REE 1°C B (http://www.osdpd.noaa.gov/data/cb/dhw/2010/

—EB - SiE/OREEREE 2CHNEYE dhwp.8.12.2010.gif) E18 H 30 H(http:/www.

H - BRI > & DHW B A 1 8F » giolgaE osdpd.noaa.gov/data/cb/dhw/2010/dhwp.8.30.20
HEEHEIEALHEL o DHW E AR 4 5 10.gif) KREHVREF: DHW BEZER 578
MRS 4: {35  DHW {EAR 8 » HiEH FAERMT AT DHW £ 4-6 /245 > @I A(bE
o IR R EE Y L EESE T - LR (E AR & (Bleaching Alert Level 1) » T EEE R
FTEERIRI 52 » IRE RIS T R4S R 2R T Vg B2 DHW {E/INY 1> &8 /KB AR W 247
MEEERE S 29C - M=RHUKOMETE  BEREFESEER(E 6)8Ur - DHW & AE
30°C > BEDUEHR 27°C - BERATEEMN RG] K 092 HB(LEREAERN 1 ZHEN - 8l
BERy 29C < ¢ NOAA 2010 4= 8 H 12 H NOAA E ¥ DHW (B FE{IL - B A 1

28 SN EEHR —O——FH &R

W 120203F R /AR &R -26-27/2F ff.indd 30 $

2012/2/6 T/ 06:14:12 ’7



| T

W 120203F R /AR ] -26-27/2F (f.indd 31

AMLREDT 1°C ~ BFFEL 28] R4
HHEEH (B S » (H S RER Y B e
A AT sEE A A ALER ST -

B RHEE E ASR I E BB R
A % K AE I F (Liang et al. 1978, Lee
1995) » fR4E Lee(1995)iiHEHEH » BIEE
TRHEIR S S A KRR PEREYER 52 > H IR AT
2 9CLLE  TRR 5 5 (8 N/ K ORI
[EFf » —KR—R - EBRREE B ETE R
(Spring Tide)fAf] - M2/KEHREIRSEER
HUEETER - 881 T EEER A ACRE
(H15E RS RHEOR S D s B TR 220
Y T (I o e -

7 2. NOAA Fefit 7 SERHIH o L B B E #E

Stress Level Definition Effect
No Stress HotSpot <=0 .
Bleaching Watch 0< H(ﬁSpot <1 No Bleaching
Bleaching 1 <= HotSpot and 0 Possible

Warning <DHW <4 Bleaching

Bleaching Alert 1 <= HotSpot and 4 Bleaching
Level 1 <=DHW <8 Likely

Bleaching Alert 1 <= HotSpot and 8 Mortality
Level 2 <= DHW Likely

IR (S 2006, 2007)3# 5 » A E (LR
FEELGEFE R B BR R (% - SRS I 5 (LR
{H - ARSI 1998 LR A BB R -
foeE F/KRESE] DHW = 4.7 » S EEEH
B A AL GRS T Y B BB A — &k (Bleaching
Alert Level 1) (32 2) - 554b > 2007 FE2EKAR
BB AL B > Bt SRS A S (bR - B
EBIAE 2007 5 7 HJERY DHW=1 > 8 H¥]
Bl DHW=2 - 8 H1£ 10 HyJE sy
f£ DHW =5 {{Ki5 NOAA HYHIEHIETHE: 2457 -
B B B &S —4)(http://www.osdpd.noaa.
gov/data/cb/dhw/2007/dhwp.8.9.2007.gif)(http:/
www.osdpd.noaa.gov/data/cb/dhw/2007/dhwp.9.
17.2007.gif) - HLHARTINA K EHH# 0 LSR5
o

AR BRIRA L B BRI BT 2 5
ZE|EIRS TR R ST B IR

R AEEHR —O——FEE +—EH

——

e K B e R L e M

FEM LI ERERARERE - B PEH LT &
WR 26 ~ N et I RR 4R ~ stk
TR 2 R\ P AR P I 2 TR > i 5 e
My~ AW RSB A VIR RE 2 B E
B2 QUGN S LIREI0E - & 2 EE IR
@ AStERENILREE S BT R
ACRERHII AT - &I AT KR HAE B
ERGORER P L 2B AR E I RETE R
Z BRI B LAl RE 2 et -

72 PV Vi B /K R A e M 2 A M s B
R BARM ? R/ ERERE ? EERZ
0 DA B R R M R AR (B0 %7K
B AR - R B R KR B @ R
KEEI) - (KB ERIER ZFGT a2
R BEKEEERE N AR R E = (LR
G > 3Rl R ATE ~ AUK R HIZK O 5 5
[ MR AERADR ZJFAIT > ARG
ZHAE - IR AR IR S E R
R EDRHERL > S LA SR E R AT > #1
R —HE > JILAIESESRAIET -

5 [FISTRR

FAT - BRRENA ~ SRR - HEE - BRIES
PREENE - 2USAER - SEERRE - FRIGHH - MRSE
Bl - 2006 - 2B T BR A BEEHR R4 AT
FeaTEE- \ Ry GBI AR R P i k>
BTN 2 EH(Z) A48
Bkt (=) EIRR A B R EE A
WD) - NEEVEEER TEEA
BRI e s -

FHEE - AU - B - HEE - FIE
PREFNE ~ 2USAER - SREFHL - PREE) ~ a1 F
& 22007 » 2R T B 5N EDRHE R A AR RET
FUETE- A\ Ry GBI A AR TS
B (ORISR E 2 ER (AR &
Bl 2 T () B B AR SRR E A A
HZBEIN(Z) - NEEEERER THEA
EEHER S -

A~ 2 1999  FEE TR BRELE IS K AR

29

S

m - mnssll

2012/2/6 T/ 06:14:13 ’7



W 120203F R /AR ] -26-27/2 % (f.indd 32

D SRRV 9 PN S L]
+m

B~ BRIESE ~ $EER - 28480 - HEE
SR ~ HHSCEY ~ SR ~ PREB ~ 077
17 ~ HOREEHE - 2004 - A Ry BB 2R T %
NEVSIE AR E R 2 RIARII 2T 4
RRELIRIE R EE T - IR AEZ2H
14(2):43-69 -

A~ SRR ~ BHIESE - BREAME - BISGEK
SR~ SEEIE  MRSEEN - Bl TRR
$% ~ FF T ~ ARRERE - 2007 o A B EEhE
BT HER A BER  RIHEEN
W9e - BIZ A EER 17(2):89-111 -

A~ SEERE  BHIEE - BRAAME - SI848K
TR - BEEE - pRsEE) - Bl TR
B8~ J7T ~ BIRENE - 2007 < BT EIR A
BRI AR AR R EARDRIASE - BlZ N EER
# 17(2):71-88 o

APEEHE ~ HE[ESE ~ TERE - R4 - BEEE
ZISEL ~ TE4EEE 22008 - 97 4E 7 H 3 H
5 S DEURHEEE A K S S ESE T
HFREGE - @8EAHE > 14H -

B - AN - BB R - FREF < 2007 < EE
VLR R N IR B A RE K M E R T
ERRROUEH] TR R EEE g H
REWTFEE T BRI -

TEER - I - M - G - &
BRI ~ ARE: ~ 29 ~ 51T - 80
7 - 2002 - 2B T B A BSR4 AR
B NN S SN T N T U S S R e
EEREN W H - BEIRNEEH®
12(1):52-73 «

’

Chen CTA, BJ Wang and LY Hsing. 2004. Upwelling
and degree of nutrient consumption in Nanwan
Bay, Southern Taiwan. Journal of Marine
Science and Technology 12(5):442-447.

Chen CTA, SL Wang, BJ Wang and SC Pai. 2001.
Nutrient budgets for the South China Sea basin.
Marine Chemistry 75:281-300.

Chou Y, TY Lin, CTA Chen and L.L Liu. 2004. Effect
of nuclear power plant thermal effluent on
marine sessile invertebrate communities in
Southern Taiwan. Journal of Marine Science and

30

——

Technology 12(5):448-452.

Dai CF. 1997. Assessment of the present health of
coral reefs in Taiwan. In: Grigg, R. W. and C.
Birkeland (eds), Status of coral reefs in the
Pacific 123-131.

Hodgson G. 1990. Tetracycline reduces sedimentation
damage to corals. Marine Biology 104:493-496.
Huang CC and TC Hung. 1987. Coral: study in
Nanwan Bay adjacent to the third nuclear power
plant in Taiwan. SCOPE/ROC, Acad. Sin., 24.

Hung TC, CC Huang and KL Fan. 1989.
Nonbiological factors and corals study along the
shallow water near the outlet of Third Nuclear
Power Plant. SCOPE/ROC, Acad. Sin., 71:32.

Hsieh HJ, YL Hsien, MS Jeng, WS Tsai, WC Su and

CA Chen. 2008. Tropical fishes killed by the cold.

Coral reefs.

Johannes RE, WJ Wiebe and CJ Croossland. 1983.
Three pattrerns of nutrient flux in a coral reef
community Vol.12:131-136.

Lee HJ, SY Chao, KL Fan and TY Kuo. 1999.
Tide-Induced Eddies and Upwelling in a
Semi-enclosed Basin: Nan Wan Estuarine.
Coastal and Shelf Science 49:775-787.

Lee HJ, SY Chao, KL Fan, YH Wang and NK Ling.
1997. Tidally Induced Upwelling in a
Semi-Enclosed Basin: Nan Wan Bay. Journal of
Oceanography Vol.53:467-480.

Lee HL, SY Chao and KL Fan. 1999a. Flood-ebb
disparity of tidally induced recirulation Eddies in
a semi-enclosed basin: Nan Wan Bay.
Continental Shelf Research 19:871-890.

Lin Hsing-Juh, CY Wu, WY Kao, SJ Kao and PJ
Meng. 2007. Mapping anthropogenic nitrogen
through point sources in coral reefs using d15N
in macroalgae. Marine Ecology Progress Series
335:95-109.

Meng Pei-Jie, HJ Lee, JT Wang, CC Chen, HJ Lin and
WJ Hsieh. 2008. A long-term survey on
anthropogenic impacts to the water quality of
coral reefs, southern Taiwan. Environmental
Pollution 156:67-75.

Liao Ming-Hui, SL Tang, CM Hsu, KC Wen, H Wu,
WM Chen, JT Wang, PJ Meng, WH Twan, CF
Dai, KSoong and CA Chen. 2007. The “Black
Disease”of Reef-Building Corals at Green Island,
Taiwan - Outbreak of a Cyanobacteriosponge,
Terpios hoshinota (Suberitidae; Hadromerida).
Zoological Studies 46(4):520.

Morell JM, J Capella, A Mercado, J Bauza and J
E.Corredor. 2001. Nitrous oxide fluxes in
Caribbean and tropical Atlantic waters: evidence
for near surface production. Marine Chemistry
74:131-143.

Riegl B and GM Branch. 1995. Effects of sediment on
the energy budgets of four scleractinian (Bourne
1990) and five alcyonacean (Lamouroux 1816)
corals. Journal of Experimental Marine Biology
and Ecology 186:259-275.

SuJC, TC Hung, YM Chiang, TH Tan, KH Chang,
CC Huang, CY Huang, KT Shao, PP Huang, KT
Lee, KL Fan and SY Yeh. 1989. An ecological

B O 4F BB

ﬁ%
Xt
>
el

m - mnssll

2012/2/6 T/ 06:14:13 ’7




| T

W 120203F R /AR ] -26-27/2 % (f.indd 33

and environmental survey on the waters adjacent
to the southern nuclear power plan. SCOPE/ROC,
Acad. Sin 70:238.

SuJC, TC Hung, YM Chiang, TH Tan, KH Chang,
CC Huang, CY Huang, KT Shao, PP Huang, KT
Lee, KL Fan and SY Yeh. 1987. An ecological
and environmental survey on the waters adjacent
to the nuclear power plant in southern Taiwan.
SCOPE/ROC 50:224.

Tockner K, F Malard, U Uehlinger and JV Ward. 2002.

Nutrients and organic matter in a glacial
river-floodplain system (Val Roseg, Switzerland)

R AEEHR —O——FEE +—EH

——

e K B e R L e M

Limnol. Oceanogr 47(1):266-277.

Umar MJ, LJ McCook and IR Price. 1998. Effects of
sediment deposition on the seaweed Sargassum
on a fringing coral reef. Coral Reefs 17:169-177.

Yang RT. 1985. Coral communities in Nanwan Bay
(Taiwan). Proc. 5th Int. Coral Reef Congr
2:273-278.

Yang RT and CF Dai. 1980. Community structure and
species diversity of reef corals at Nanwan Bay,
Taiwan. Acta Oceanographica Taiwanica
11:238-251.

31

S

m - mnssll

2012/2/6 T/ 06:14:13 ’7



