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Conducting anodic stripping voltammetry (ASV) to determine non-labile-form metal in a water sample usually requires UV di-
gestion. The time for thoroughly disintegrating metal complexes is lengthy and completion of digestion is not easy to determine.
In this study, the degree of dissociation of copper complex, indicated by the ratio of slope changes at ASV titration, was found to
be linearly correlated with UV irradiation time (»* = 0.976). Using slope changes. an equation for estimating the length of UV
irradiation time was developed. It the estimated UV digestion time was too long, the same data set could be used to estimate the
total concentration of the element using another equation developed from the linear correlation (r* = 0.990) between the concen-
tration of labile form metal ion and UV irradiation time. The reliability and feasibility of this method were confirmed with stan-
dard addition (error < 20%: recovery: 97.5 = 10.9%).

anodic stripping voltammetry, heavy metals, organic ligands, UV irradiation
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Abstract

The species of copper and zinc, such as bioexchangeable,
skeletal, easily reducible (Fe and Mn oxides), moder-
ately reducible (crystalline Mn oxide}, organic combined
with sulfides, and detritus with minerals, in mud and
sand, separated from the surface Antarctic Ocean and
the Taiwan Erhjin Chi coastal (including river and
estuarine) sediments, have been analyzed by sequential
leaching methods. Results show that in the Antarctic
Ocean sediments, high concentrations of total copper
(128 mg/kg) and zinc (458 mglkg) were found in the
high mud (99-09%) content samples compared with the
low concentrations of total copper (83-8 mg/kg) and zinc
(288 mg/kg) in low mud (5169%) content samples.
High concentrations of copper, zinc, manganese and iron
are possibly due to the characteristics of manganese
nodules, in which the species of copper and zinc are
mainly d in the crystalline Mn oxide phase. In
the Taiwan Erhjin Chi coastal sediments, the total copper
and zinc concentrations in mud and sand vary with
season and location. High values were generally observed
in the river sediments during the dry season, and low
values were in the estuarine and coastal sediments during
the heavy rainy season. High percentages of copper (as
high as 49-4%) and zinc (as high as 76-7%) in mud and
sand were in the bioexch ble phase including the
skeletal phase. This result might be correlated with the
problems arising from human impact on copper and zinc
as well as sewage pollution in Taiwan. In the organic
combined phase, biogenic particulate matter related to
higher primary productivity in the Antarctic Ocean is
also discussed.

Keywords: copper species, zinc species, Antarctic Ocean
sediments, Taiwan Erhjin coastal sediments, oysters.

INTRODUCTION

Some toxic and potentially toxic heavy metals are being
released to the marine environment at an increasing
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rate. When heavy metals enter the coastal water, the
majority are absorbed by suspended organic matter
and transferred to sediments. The heavy metals in sedi-
ments could be released and the amounts of released
metals would be larger than those from the decomposi-
tion of plankton (Aplin & Cronin, 1985). The processes
of both scavenging of copper from sea water and re-
moval of copper from sediments are also correlated
with the species and forms in sea water and sediments
(Hung et al., 1991).

Copper and. zinc are not only essential elements for
animal and plant metabolism but are also very toxic to
aquatic life. Since August 1973, heavy metals in river,
estuarine and nearshore coastal sediments around
Taiwan have been monitored (Hung, 1986). The
elevation of levels of heavy metals, particularly copper
and zinc, in recent sediments indicated that heavy
metal pollution of aquatic systems in Taiwan has
increased (Hung & Tsai, 1991a,b). For instance, ex-
tremely high contents of copper (as high as 2130
mg/kg) and zinc (as high as 916 mg/kg) were found
during the period of first discoloration of cultural
oysters observed in the Erhjin Chi coastal area in
January 1986 and mortality appeared 3 months later
(Hung, 1988). The species (complexed by inorganic and
organic anions, labile and non-labile, polar and non-
polar, free ion) and forms (particulate and dissolved)
of copper are important in causing the greening and
mortality of oysters (Han & Hung, 1989; Hung et al.,
1989; Han & Hung, 1990a,b Hung & Han, 1990). More
recently, studies indicated that correlations among the
copper species and forms in both bottom water and
sediments, collected along the Erhjin Chi coastal area,
were significant (Hung et al., 1991). On the other hand,
the Antarctic Ocean is thought to be one of the less
polluted areas in the world, although the primary
productivity in the Antarctic Ocean is very high (Hung
& Tseng, 1978). Therefore, the purpose of this paper is
to study the significance of copper and zinc species in
surface sediments collected from both the Antarctic
Ocean and the Taiwan Erhjin Chi coastal area. In addi-
tion, human impact on copper and zinc in the marine
environment in Taiwan is evaluated.
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Factors correlating with deterioration of giant kelp
Macrocystis pyrifera (Laminariales, Heterokontophyta)

in an aquarium setting

Hwee Siong Tew - Pel-Tie Meng - Ming-Yih Len
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Abstract Survival of the giant kelp, Macmeystis pyrifera
(Linnaeus) C. Agandh, in its natural habitat is governed by
abiotic and biotic factors such as temperature, light,
nutrients, cument velocity, and predators. Factors affocting
the survival of the alga in an aguarivm setting, however,
heave mot been investigated, The Mational Museum of Ma-
ring Biology and Aguarium (NMMBA ), in subtropical Tai-
wan, is the only aquarium in the world that displays giant
kelp that does not have naturally occuming specimens in
nearby waters, Giant kelp displayed in aquaria often deteri-
orates within 8 3-month period, yet the cause of this mor-
tality is unkmown, We investigated abiotic and biotic
parameiers affecting survival of giant kelp in aguaria over
a 3-month pericd. The resule indicated that temperatune,
salinity, pH, Light, and nutrient concentrations did not affect
giant kelp survival, However, the massive proliferation of
epiphytic distoms on kelp blades (from 710" cells em™
nitially w0 3= 10* cells em™ after | mont) was identified as
being the most likely candidate affecting survival of giant
kelp in an aguarivm setiing. Potential factors that may
stimulate epiphyie proliferation include lack of epiphytic
algae control via predation, high nutient concentrations, a
weak cument, and 2 genorally stable environment
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Tntr et cthom

The giant kelp, Macrocysts pyrifera (Linnseus) O, Agandh
(Laminariales, Heterokontophyta), is the largest benthic or-
ganism in the world. This algs i te most widely distributed
kelp taxon (Graham ot al. 2007) and exisk along the tem-
peraie coasts of all continents with the exception of Antarc-
tica (Moe and Silva 1977). The kelp forest ecosystem is
diverse and productive, hosting a variety of organisms,
including marine manmals, fishes, crabs, sea wiching, mol-
lueks, other algae, and epibiota (Mann 1973, Steneck ot al
2002). Ecologically, this aquatic forest is comparshle to the
temestrial tropical rainfonest.

Giant kelp forests are exposed to varying environmental
gradients of ahiotic and biotic factors from the surface i the
botiom substrate. Studies have ndicated that irradistion, tem-
perature, salindty, sedimentation, ntrient concentration, wave
action, and amount of epiphytes can significantly affect kelp
growth (Dean and Jacobsen | 984, Morth et al. | %86, Edwards
and Herndndez-Carmona 2005). In its natral habitat, kelp
forests develop on shallow mocky shores with sufficient light
penitration | Steneck et al. 2002). As such, the low abundance
of kelp in Arctic and sub-Antarctic areas is believed to be a
resultof light Iimitation (Henley and Dunton 1 997). Tthasako
b shown that temperatures <1 $5C are optimal for survival
of giant kelp and that emperatres =20°C promoted the
degradation of this species (Rothdusler et al. 2000). Yet,
Mireroeysits that oocur along the southern cossts of Califormia
have their highest photosynthetic rates &t temperatures

£ ke

Tew, K.S.*, Jhange, Y.-S., Meng, P.-J. and Leu, M.-Y.
2017.  Environmental  factors influencing the
proliferation of microscopic epiphytic algae on the giant
kelp under aquarium conditions. Journal of Applied
Phycology. Doi: 10.1007/s10811-017-1148-9. (Online
2017-05-16)
https://link.springer.com/article/10.1007/s10811-017-
1148-9
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TRANSPORTATION, HUSBANDARY, AND
RELEASE OF A WHALE SHARK
(RHINCODON TYPUS)

Ming-Yih Leu" ", Jan-Jung Li'. Yu-Min Ju', Cher-Ming Hsiao'. Chih-Wei Chang" >,
Pei-Tie Meng"* T, Kwee Siong Tew" . and Wei-Hsien Wang"’

shark.

ABSTRACT

The National Museum of Marine Biology and Aquarium of
Taiwan housed 3 whale shark in a 3.7 million liter mdoor oval
tank from Fone 2005 wntil Joby 2013, at which point it was
relessed. This stady reports the transport of the whale shark
imbo and out of the Museum, its husbandry conditions, feeding
regime, growth during captivity, and details on the release of
the amimal During the eight years in captivity, the animal
zrew from 2.3 io 7.8 m in length and from 200 to 3,600 kg in
weight when relessed. with estimawed overall growth rates of
0.67 m yr' and 412 kg yr' in lengrth and mass, respacrively.
The animal beached shortly after release. possibly due
hawing acclimsted to life in capeivity Therefore, detsiled
behavioral knowledze is needed for fire releases of animals
that have been maintained in captivity for extended periods.

L INTRODUCTION

The display of large animals has been a focal point of
(formerly the Okinaws Expo Aquarium) first exhibited whals
sharks (Rhincodon fypus) to visitors in 1982, and other aquaria
followed suit, including the Osaka Aquarium Eayukan Tai-
wan's Mational Museum of Marine Biology and Agquariom
(MMMBA), and the Georgia Aquarivm (TSA), ameng others.
An impressive school of gisnt mants rays (Mg Sirosris)

Paper submitted 022014 revsed 10314 acceptad 031015, Asthor for

correspondence: Kwee Siong Tew fe-matl rewloiGymmmba gowns).
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f Grodume Trerine of AMarme Biology, Nanomr! Domg Fhee Dy
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¥ Diepartmert of Marine Bioteckmology and Besourees, Natomal Sun Fat-sen
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Fig 1 Transportation of the wiale shark from nertheastern to sowth-
western Taiwam by trock (dashed Ene, representing 2 350km
distamce). o Sei-net locsiion. - National Museum of Marine
Bielopy and Aquarinm. & : Eelsaze location.

27 |
2rE

was displayed in the Okinaws Chursumi Aquariom in Mo-
vember 2002, followed by the Oceanirio de Lishea in Pori-
gal. Great white sharks (Carchamodon carcharias) were even
put on exhibit in the Monterey Bay Aquariom (USA) m 2004.
The largest bony fish, the ocean sumfish (Mol Mola), is cor-
rently displayed in aquaria such as the Oceansrio de Lishoa
and the Morth Sea Oceamariom in Denmark Transportation
of these animals from where they were caught to the squaria
at which they were honsed and reared exhibited often re-
quires careful planning and special equipment and techniques
(Uchida, 1982; Correia, 2001; Correia et al, 2008; Correia et
al., 2011; Rodrigoes et al, 2013) becanse some of these ami-
mals commonby perish doring transportation or shortly thers-
afier (Smith et al., 2004).
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Suspended solids and anvmonium in discharge derived from anthropogenic activities are two main factors
causing drop in coral coverage

Abstract

Before 2001, the ecological protection area in the Kenting National Park (KTNP), southern Taiwan, was poorly described. In this study, a set
of four-year data (2001—2004) of seawater qualities at 19 sampling sites around the Nanwan Bay in the KTNP was used to explore anthropo-
genic impacts to ecological environment, especially coral reefs. The parameters of water quality were analyzed immediately after collection. The
results showed that higher values of nutrients and suspended solids were attributed to the higher run-off around Nanwan Bay. The fluxes of
nutrients and suspended solids were consistently correlated to rainfall. Hence, equations were developed to calculate nutrient fluxes and sus-
pended solids by using only rainfall data. Our results show that suspended solids and ammonia were the dominant factors leading to the
drop in coral coverage. In summary, the water quality in the intertidal zone of Nanwan Bay has been degraded and required greater attention.
@© 2008 Elsevier Ltd. All rights reserved.
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Fig. 1. Locations of water quality sampling sites along the Nanwan Bay.
Dotted line indicates the boundary of the Kenting National Park.



Table 2

Correlation coelficients (R) between parameters ol water quality and coral coverage rate

Correlation Coral coverage  Temp. Salinity pH Dissolved oxygen BODjs Ammonium  Phosphate  Nitrite Nitrate Silicate Chlorophyll-a  Suspended solids
coefficient (R)

Coral coverage 1.0000

Temp. 0.0731 1.0000

Salinity 0.3407 0.2350  1.0000

pH 0.1190 0.3889  0.3397 1.0000

Dissolved oxygen 0.2312 0.1816  0.4630 0.8163%*  1.0000

BODs 0.3988 0.1363  0.9442%*%  0.1069 0.3015 1.0000

Ammonium 0.5648%* 0.2262  0.606 0.0114 0.1589 0.6669 1.0000

Phosphate 0.3519 0.2233  0.9893*  (.3114 0.4351 0.9424 0.6301%* 1.0000

Nitrite 0.3224 0.2482  0.994 0.3452 0.4737 0.9408 0.6159* 0.9902%#* 1.0000

Nitrate 0.2170 0.1902  0.9783**  (.3634 0.4500 0.9097 0.5437* 0.9612%* 0.9775%  1.0000

Silicate 0.3374 0.2394  0.999 0.3469 0.4669 0.9401 0.6055* 0.9914# 0.9952 0.9785 1.0000

Chlorophyll-a 0.2982 0.2444  0.9939 0.3590 0.4656 0.9306 0.6103* 0.9922%#4 0.9945 0.9717 0.9956%%  1.0000

Suspended solids ~ 0.5072% 0.0245 04735 0.3017 0.1026 0.6283%F 04117 0.4359 0.4233 0.3586 0.4558 0.4157 1.0000

#: Significant at p < 0.05. *

*: Significant at p < 0.01.



The relationship between parameters of water quality

and coral coverage rate

nutrient concentrations in

» There was significant correlation between salinity and
the water. This implies that the sources of nutrients were from streams around

Nanwan Bay.

» There was significant correlation between dissolved oxygen and pH in the water.
This indicates that the effects of photosynthesis and respiration on pH by
organism (such as phyotoplankton and algae) in the water.

» A relatively consistent correlation was found between nutrient and ammonia
concentrations in the water and BODS. On the other hand, there was also
significant correlation between nutrient and ammonia concentrations in the water
and chlorophyll-a contents. As we mentioned before, an increase of domestic
wastewaters which carry excessive nutrients will flow into Nanwan Bay without
being treated leading to increases in chlorophyll-a content and BODS.

» Effects of water quality (such as sediments, thermal stress and nutrientsg on coral
reef ecosystem have been widely studied. éur results show that suspended solids
and ammonia were the dominant factors leading to the drop in coral coverage.
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ARTICLE INTFO ABSTRACT

Keywords: In July 2001, the National Museum of Marine Biology and Aquarium, co-sponsored by the Kenting
Anthropogenic impact National Park Headquarters and Taiwan's National Science Council, launched a Long-Term Ecological
Coral reef

Research (LTER) program to monitor anthropogenic impacts on the ecosystems of southern Taiwan, spe-
cifically the coral reefs of Kenting National Park (KNP), which are facing an increasing amount of anthro-
pogenic pressure. We found that the seawater of the reef flats along Nanwan Bay, Taiwan’s southernmost
embayment, was polluted by sewage discharge at certain monitoring stations. Furthermore, the conse-
quently higher nutrient and suspended sediment levels had led to algal blooms and sediment smothering
of shallow water corals at some sampling sites. Finally, our results show that, in addition to this influx of
anthropogenically-derived sewage, increasing tourist numbers are correlated with decreasing shallow
water coral cover, highlighting the urgency of a more proactive management plan for KNP’s coral reefs.

© 2012 Elsevier Ltd. All rights reserved.
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覆蓋率

		92		萬里桐		出水口右		出水口左		跳石		船帆石		香蕉灣

		覆蓋率		17.92		9.83		8.51		27.00		20.00		12.67

		覆蓋率		18.50		6.17		13.37		30.30		20.21		19.62

		覆蓋率		24.30		9.98		8.27		29.77		14.51		18.97

		Avg.		20.24		8.66		10.05		29.02		18.24		17.09

		93		萬里桐		出水口右		出水口左		跳石		船帆石		香蕉灣

		覆蓋率		25.02		4.71		10.12		28.26		22.70		37.70

		覆蓋率		29.16		18.17		9.62		36.17		17.70		34.07

		覆蓋率		22.54		12.37		9.04		30.99		17.47		20.24

		Avg.		25.57		11.75		9.59		31.81		19.29		30.67

		94		萬里桐		出水口右		出水口左		跳石		船帆石		香蕉灣

		覆蓋率		29.32		13.54		12.1		50		14.84		11.8

		覆蓋率		28.59		9.06		19.26		34.48		13.00		14.29

		覆蓋率		10.83		4.91		5.69		29.12		8.50		10.83

		Avg.		22.91		9.17		12.35		37.87		12.11		12.31

		95		萬里桐		出水口右		出水口左		跳石		船帆石		香蕉灣

		覆蓋率		20.80		5.71		8.39		29.10		13.05		14.45

		覆蓋率		24.87		9.22		6.54		32.40		11.74		23.90

		覆蓋率		25.23		6.67		4.99		32.33		9.70		18.89

		Avg.		23.63		7.20		6.64		31.28		11.50		19.08





浮潛人數

						1		2		3		4		5		6		7		8		9		10		11		12		Avg.

		92		萬里桐				8		11		112		132		212		530		183		312		126		18		16		151

				出水口右				348		396		1032		1541		1933		4334		4412		2664		548		258		69		1594

				出水口左				180		60		20		354		1471		3664		3883		997		0		0		0		966

				跳石				0		0		56		21		18		34		47		11		9		0		0		18

				船帆石				64		164		477		456		616		1282		802		704		230		18		0		438

				香蕉灣				364		199		481		662		592		954		597		565		108		81		0		418

		93		萬里桐		34		10		68		116		215		212		562		590		172		207		24		20		186

				出水口右		119		257		923		2045		2164		1933		6609		5441		2323		2379		655		485		2111

				出水口左		0		0		112		370		580		1471		3823		4118		1333		0		0		0		984

				跳石		0		0		0		286		65		18		0		0		24		0		16		0		34

				船帆石		44		18		0		856		381		616		1648		1657		472		180		188		56		510

				香蕉灣		44		18		76		276		184		592		987		480		260		169		70		44		266

		94		萬里桐		52		46		60		145		162		140		293		590		292		238		55		45		176

				出水口右		504		457		963		2040		2280		3206		5010		5441		3450		2104		1089		561		2259

				出水口左		0		0		336		725		657		904		2780		4118		1460		358		100		0		953

				跳石		1038		764		0		0		33		24		0		0		44		20		0		0		160

				船帆石		40		127		208		570		212		342		789		1657		232		149		185		0		376

				香蕉灣		128		0		80		90		41		454		270		480		64		83		16		18		143

		95		萬里桐		105		144		80		121		116		153		126.5		186		117		222		38		29		120

				出水口右		698		1178		1266		2200		2212		3782		3095		3770		3207		2240		790		520		2080

				出水口左		61		0		444		198		840		1640		1442		2120		1636.5		178		51		0		718

				跳石		578		148		64		19		12		22		0		0		0		10		8		0		72

				船帆石		0		90		122		354		314		771		260		398		126		163		183		25		234

				香蕉灣		0		50		20		75		226		262		228		242		123		125		41		30		118
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						1		2		3		4		5		6		7		8		9		10		11		12		Avg.

		92		萬里桐				234		490		517		684		780		1840		1390.5		1290		730		874		598.5		857

				出水口右				1956		1085		2330		3736		3910.5		7006		8527		5351.5		1598		957		697.5		3378

				出水口左				834		337		648		1318.5		2685.5		7082		7635.5		2124.5		221.5		181		98		2106

				跳石				2728.5		2675.5		6210		5687		7110.5		15294		13949.5		8277.5		2927.5		2333.5		1245.5		6222

				船帆石				561		746.5		1504		1746		1233.5		2676		2231.5		1565		759.5		646		688.5		1305

				香蕉灣				870.5		501		828		1165		916		1592		1472.5		1089.5		668		216		318.5		876

		93		萬里桐		1851.5		995.5		899.5		1143		1361		780		2039.5		1697		1066		1511.5		954		1046		1227

				出水口右		1490.5		1603		2270.5		5006		4884		3910.5		11692		9488.5		5024		3927.5		1722		1560		4644

				出水口左		308		217.5		396.5		1591		1296		2685.5		6405.5		7033		4045.5		231		332		343		2234

				跳石		4707.5		3045		3205		7149		6204		7110.5		16119.5		15951.5		10908		4597		3143		3644		7371

				船帆石		1298.5		615.5		999.5		2539		1438.5		1233.5		4526.5		3490		2050.5		795		778		747		1747

				香蕉灣		506.5		270.5		347.5		928		413.5		916		1572		1246		1046.5		528		347		403		729

		94		萬里桐		1074		1245		1068		1190		1135		797		1468		1697		1492		1745		691		1045		1234

				出水口右		1263		1539		2129		3880		4226		6133		9076		9489		7085		4087		2378		1268		4663

				出水口左		257		273		897		1780		1596		2120		5126		7033		3201		773		406		273		2134

				跳石		6578		6807		4324		7545		6406		10079		13194		15952		9671		6490		3856		4541		8078

				船帆石		806		889		877		1510		1026		1303		1999		3490		1321		912		792		511		1330

				香蕉灣		381		273		182		405		318		652		526		1246		297		386		193		194		425

		95		萬里桐		1435		1422		1186		1220		882		1059		831		1232		1341		1628		822		1044		1152

				出水口右		1758		2146		2411		4165		4406		7223		5545		7222		6621		4007		2050		1414		4292

				出水口左		369		179		1215		1033		1650		3164		2982.5		4446		2785.5		501		369		307		1694

				跳石		7042		6769		5768		8612		6378		11768		10474.5		13252		7965		5543		3499		4091		7647

				船帆石		767		862		842		1125		1008		1976		1133		1578		1122		853		785		629		1083

				香蕉灣		201		330		162		321		400		392		314.5		370		256.5		456		270		298		325
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覆蓋率

		92		萬里桐		出水口右		出水口左		跳石		船帆石		香蕉灣

		覆蓋率		17.92		9.83		8.51		27.00		20.00		12.67

		覆蓋率		18.50		6.17		13.37		30.30		20.21		19.62

		覆蓋率		24.30		9.98		8.27		29.77		14.51		18.97

		Avg.		20.24		8.66		10.05		29.02		18.24		17.09

		93		萬里桐		出水口右		出水口左		跳石		船帆石		香蕉灣

		覆蓋率		25.02		4.71		10.12		28.26		22.70		37.70

		覆蓋率		29.16		18.17		9.62		36.17		17.70		34.07

		覆蓋率		22.54		12.37		9.04		30.99		17.47		20.24

		Avg.		25.57		11.75		9.59		31.81		19.29		30.67

		94		萬里桐		出水口右		出水口左		跳石		船帆石		香蕉灣

		覆蓋率		29.32		13.54		12.1		50		14.84		11.8

		覆蓋率		28.59		9.06		19.26		34.48		13.00		14.29

		覆蓋率		10.83		4.91		5.69		29.12		8.50		10.83

		Avg.		22.91		9.17		12.35		37.87		12.11		12.31

		95		萬里桐		出水口右		出水口左		跳石		船帆石		香蕉灣

		覆蓋率		20.80		5.71		8.39		29.10		13.05		14.45

		覆蓋率		24.87		9.22		6.54		32.40		11.74		23.90

		覆蓋率		25.23		6.67		4.99		32.33		9.70		18.89

		Avg.		23.63		7.20		6.64		31.28		11.50		19.08





浮潛人數

						1		2		3		4		5		6		7		8		9		10		11		12		Avg.

		92		萬里桐				8		11		112		132		212		530		183		312		126		18		16		151

				出水口右				348		396		1032		1541		1933		4334		4412		2664		548		258		69		1594

				出水口左				180		60		20		354		1471		3664		3883		997		0		0		0		966

				跳石				0		0		56		21		18		34		47		11		9		0		0		18

				船帆石				64		164		477		456		616		1282		802		704		230		18		0		438

				香蕉灣				364		199		481		662		592		954		597		565		108		81		0		418

		93		萬里桐		34		10		68		116		215		212		562		590		172		207		24		20		186

				出水口右		119		257		923		2045		2164		1933		6609		5441		2323		2379		655		485		2111

				出水口左		0		0		112		370		580		1471		3823		4118		1333		0		0		0		984

				跳石		0		0		0		286		65		18		0		0		24		0		16		0		34

				船帆石		44		18		0		856		381		616		1648		1657		472		180		188		56		510

				香蕉灣		44		18		76		276		184		592		987		480		260		169		70		44		266

		94		萬里桐		52		46		60		145		162		140		293		590		292		238		55		45		176

				出水口右		504		457		963		2040		2280		3206		5010		5441		3450		2104		1089		561		2259

				出水口左		0		0		336		725		657		904		2780		4118		1460		358		100		0		953

				跳石		1038		764		0		0		33		24		0		0		44		20		0		0		160

				船帆石		40		127		208		570		212		342		789		1657		232		149		185		0		376

				香蕉灣		128		0		80		90		41		454		270		480		64		83		16		18		143

		95		萬里桐		105		144		80		121		116		153		126.5		186		117		222		38		29		120

				出水口右		698		1178		1266		2200		2212		3782		3095		3770		3207		2240		790		520		2080

				出水口左		61		0		444		198		840		1640		1442		2120		1636.5		178		51		0		718

				跳石		578		148		64		19		12		22		0		0		0		10		8		0		72

				船帆石		0		90		122		354		314		771		260		398		126		163		183		25		234

				香蕉灣		0		50		20		75		226		262		228		242		123		125		41		30		118





fig

						coral recovery (%)								skin								tourist

						92		93		94		95		92		93		94		95		92		93		94		95

				萬里桐		20.2		25.6		22.9		23.6		151		186		176		120		857		1227		1234		1152
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				船帆石		18.2		19.3		12.1		11.5		438		510		376		234		1305		1747		1330		1083
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						1		2		3		4		5		6		7		8		9		10		11		12		Avg.

		92		萬里桐				234		490		517		684		780		1840		1390.5		1290		730		874		598.5		857

				出水口右				1956		1085		2330		3736		3910.5		7006		8527		5351.5		1598		957		697.5		3378

				出水口左				834		337		648		1318.5		2685.5		7082		7635.5		2124.5		221.5		181		98		2106

				跳石				2728.5		2675.5		6210		5687		7110.5		15294		13949.5		8277.5		2927.5		2333.5		1245.5		6222

				船帆石				561		746.5		1504		1746		1233.5		2676		2231.5		1565		759.5		646		688.5		1305

				香蕉灣				870.5		501		828		1165		916		1592		1472.5		1089.5		668		216		318.5		876

		93		萬里桐		1851.5		995.5		899.5		1143		1361		780		2039.5		1697		1066		1511.5		954		1046		1227

				出水口右		1490.5		1603		2270.5		5006		4884		3910.5		11692		9488.5		5024		3927.5		1722		1560		4644

				出水口左		308		217.5		396.5		1591		1296		2685.5		6405.5		7033		4045.5		231		332		343		2234

				跳石		4707.5		3045		3205		7149		6204		7110.5		16119.5		15951.5		10908		4597		3143		3644		7371

				船帆石		1298.5		615.5		999.5		2539		1438.5		1233.5		4526.5		3490		2050.5		795		778		747		1747

				香蕉灣		506.5		270.5		347.5		928		413.5		916		1572		1246		1046.5		528		347		403		729

		94		萬里桐		1074		1245		1068		1190		1135		797		1468		1697		1492		1745		691		1045		1234

				出水口右		1263		1539		2129		3880		4226		6133		9076		9489		7085		4087		2378		1268		4663

				出水口左		257		273		897		1780		1596		2120		5126		7033		3201		773		406		273		2134

				跳石		6578		6807		4324		7545		6406		10079		13194		15952		9671		6490		3856		4541		8078

				船帆石		806		889		877		1510		1026		1303		1999		3490		1321		912		792		511		1330

				香蕉灣		381		273		182		405		318		652		526		1246		297		386		193		194		425

		95		萬里桐		1435		1422		1186		1220		882		1059		831		1232		1341		1628		822		1044		1152

				出水口右		1758		2146		2411		4165		4406		7223		5545		7222		6621		4007		2050		1414		4292

				出水口左		369		179		1215		1033		1650		3164		2982.5		4446		2785.5		501		369		307		1694

				跳石		7042		6769		5768		8612		6378		11768		10474.5		13252		7965		5543		3499		4091		7647

				船帆石		767		862		842		1125		1008		1976		1133		1578		1122		853		785		629		1083

				香蕉灣		201		330		162		321		400		392		314.5		370		256.5		456		270		298		325






Journal of
Marine Science

and Engineering

Article

The Key Impact on Water Quality on Coral Reefs in Kenting

National Park

Chung-Chi Chen 110, Hung-Yen Hsieh 23* Anderson B. Mayfield 40, Chia-Ming Chang Z,Jih-Terng Wang 5o%

and Pei-Jie Meng 236+

check for
updates

Citation: Chen, C.C.; Hsieh, H.-Y;
Maytield, A B.; Chang, C-M,; Wang,
J.-T.; Meng, P-]. The Key Impact on
Water Quality on Coral Reefs in
Kenting National Park. ] Mar. Sci
Eng. 2022, 10, 770 https:/ /doiorg/
10,3390/ jmse10020270

Academic Editor: Gabriella Caruso

Received: 15 January 2022
Accepted: 10 February 2022
Published: 15 February 2022

Publisher's Note: MDP1 stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

2022 by the authors,

Copyright:
Licensee MDPI, Basel Switzerland

This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.ong/ licenses /by /

10/)

Department of Life Science, Natienal Taiwan Nermal University, Taipei 116, Taiwan; cochen@ntnuedu tw
?  National Museum of Marine Biology and Aquarium, Checheng, Pingtung 944, Taiwan;

hyhsieh@gms ndhuedutw (H-Y.H); andy@nmmba gov.tw (C-M.C)

Graduate Institute of Marine Biology, Naticnal Dong Hwa University, Checheng, Pingtung 944, Taiwan
Atlantic Oceanic and Meteorological Laboratory, National Oceanographic and Atmospheric Association,
Miami, FL 33149, USA; anderson mayfiel d@noaa. gov

* Department of Oceanography, National Sun Yat-sen University, Kaohsiung 804, Taiwan

Graduate Institute of Marine Biology, National Dong Hwa University, Shoufeng, Hualien 974, Taiwan
Correspondence: jbw100@mail.nsysu.edu bw (J-TW.); pymeng@gms.ndhu.edutw (P-].M.)

1t These authors contributed equally to this work.

Abstract: Southern Taiwan's Kenting National Park is a popular retreating place for many domestic
and international tourists, with increasing tourist numbers potentially over-burdening the coastal

ecosystems. To better understand human impacts, a long-term ecological research program was

initiated in 2001 to track water quality at 14 coral reef-abutting sites throughout the park since then
Extracting the data from this 20-year survey, we found that increasing in the nutrient levels during
the summer rainy season, together with the drops in salinity led by freshwater inputs (land- &
rainfall-derived), was the main impact to coral reef ecosystem of Kenting. Cluster analysis further
confirmed the nutrient influx was mainly attributed to the local discharge outlets with dense of
villages and hotels at upstream. Therefore, more efforts are needed to input to control tourist number,
treat waste water discharge and strengthen land protection facilities.

Keywords: anthropogenic impacts; coral reefs; rainfall; nutrients; seawater quality

1. Introduction

Kenting National Park (KNP) is located at the southernmost tip of Taiwan, and the
plethora of beaches and vibrant coral reefs are a draw for myriad domestic and international
tourists. Unfortunately, the pre-Covid tourism boom (3 million in 2001 to 8 million in 2018)
has led to increasing coastal development, sewage and other pollutant discharge, and
eutrophication [1-3]; high nitrogen and suspended solid (55) levels have even been linked
to coral reef decline in the area [3], with more direct impacts of tourists (e.g., physical
damage to coral colonies) having also been documented [4]. The 55, high nutrient loads,
and pathogenic bacteria are presumably land-based, entering the ocean via channels or
creeks during the May to September rainy season; such runoff can also include fertilizers
and pesticides used in local agriculture [4]. Given these threats, KINP initiated a long-term
ecological research (LTER) program in 2001, with data collected until 2019. There has
been a focus on nearshore environments abutting coral reef ecosystems (N = 19 sites).
Herein we sought to use multivariate statistical approaches, namely principal components
analysis (PCA) and cluster analysis (CA), to uncover relationships among seawater quality
parameters across the LTER study sites, sensu [5-11]. The overarching goal was to use
this approach to better understand spatio-temporal variation in seawater quality in this
ecologically rich bio-region.

. Mar. Sci. Eng. 2022, 10, 270. https:/ / doi.org/ 10.3390/ jmse] 0020270

https:/ /www.mdpicom/journal/ jmse
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To estumate nutrient budgets, water samples were collected at 16 sites in Tapong lagoon from January 2004 through April 2005
and the parameters of water quality were analyzed immediately after collection. These data were used to build a box model for
calculating nutrient budgets of the lagoon. We estimated the net amount of nutrient fluxes into (coming from creeks) and out
(from tidal inlet) of the lagoon and calculated the total amount of nutrient that deposits into the sediment in a full tidal cycle. Dur-
ing January and April, nutrients (including nitrate, nitrite and ammonia) accumulated in the lagoon, but phosphate, total phosphate
and suspended solids were flushed out of the lagoon from the tidal inlet. In addition, a huge amount of suspended solids (13-15
tons per tidal cycle) flew from the lagoon to the adjacent ocean through the inlet-outlet channel.

box model, nutrient budget, coastal lagoon, eutrophication
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Figure 1 The sampling sites and topography of Tapong Bay and its vicinity, with depth contours in meters. Top right insert is the large-scale setting.



Estimating nutrient budgets with box model
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Characterising and predicting algal blooms
in a subtropical coastal lagoon
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Abstract.  Algal bloom is a major concern worldwide. In this study, we characterised the physical and biochemical
parameters during an algal bloom event in a coastal lagoon in an attempt to predict local blooms in the future. Results
showed that the highest concentrations of dissolved inorganic phosphorus (DIP), chlorophyll a (chl a) and phytoplankton
abundance were found in the inner area, whereas the highest dissolved inorganic nitrogen (DIN) concentration occurred
near the inlet-outlet channel. Chl a was correlated with DIP, and there was a significant exponential relationship between
chl a and the nitrogen to phosphorus ratio (N/P ratio) across all sampling stations and times. A higher proportion of the
variation in chl a was explained by the N/P ratio than either DIP or DIN. We found that a N/P ratio <<2.38 will likely trigger
an algal bloom (chl a= 10 pugL ') in the lagoon. Our results suggest that the N/P ratio could be used as an expedient
and reliable measure of the potential eutrophic status of coastal lagoons.

Additional keywords: ecutrophication, nutrients, Taiwan.
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Fig. 1. Location of sampling stations within Dapeng Bay, located in south-western Taiwan.
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Fig. 7. Relationships between both chl a concentration and phytoplankton abundance and N/P ratio from 6 to 10 September 2005 in Dapeng Bay.
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Abstract: A model experiment monitoring the fate of total residue oxidant (TRO) in water
at a constant temperature and salinity indicated that it decayed exponentially with time, and
with TRO decaying faster in seawater than in distilled water. The reduction of TRO by
temperature (°K) was found to fit a curvilinear relationship in distilled water (> = 0.997)
and a linear relationship in seawater (> = 0.996). Based on the decay rate, flow rate, and the
length of cooling water flowing through at a given temperature, the TRO level in the
cooling water of a power plant could be estimated using the equation developed in this
study. This predictive model would provide a benchmark for power plant operators to
adjust the addition of chlorine to levels necessary to control bio-fouling of cooling water
intake pipelines, but without irritating ambient marine organisms.

Keywords: anti-fouling agent; total residual oxidant; power plant; cooling water.




Temp. (°C) R4t & £ (ng/L) ik (m/sec) #E3E(m) : (1211‘) | _— mg /L '
25(°C) 1 1 500 0.14 0. 951
1 1 1000 0.28 0.905
1 1 2000 0. 56 0.819
1 1 4000 1.11 0.671
30(°C) 1 1 500 0.14 0. 943
1 1 1000 0.28 0. 888
1 1 2000 0. 56 0.789
1 1 4000 1.11 0. 623
40(°C) 1 1 500 0.14 0.923
1 1 1000 0.28 0. 852
1 1 2000 0. 56 0. 726
1 1 4000 1.11 0. 527

note:1. % "KkE 5 25(°C)FF » %1918 7 & £ (mg/L)=R 424c § £ (mg/L)*exp(—0. 3595% % I & (-] B&F))
Fk® 530000)FF » %19 7 & £ (mg/L)=Fh 4>4c § £ (mg/L)*exp(-0. 4262% % 9 /¥ (-] B¥))
FREE40COR* » £:1318 2 § £ (ng/L)=R 454 & £ (ng/L)*exp(-0. 5757 % :Ip ¥ (] B¥))

2.3V EERABRPER 22078 > BR4n4cd £ (mg/L) > ihiE (m/sec) % 3 (m) % '}ﬂtﬁ% e EFRIIE T § E (ng/L)



Table 2. Examination of relative error of the model developed m this study. The

predicted values of chlorine residue concentration were obtained from the equation R

=[P x €97 Y]/0.3497. The real chlorine residue concentration at the end of outlet of

discharging pipeline was determined by standard water sampling and 1odine

colorimetry as described in Experimental.

Chlorine residue conc. (mg/L)

Relative
Power plant Date Real
Predicted value L. error (%)
determination
Mar 0.298 0.240 214
Second Nuclear Power Plant May 0.197 0.160 21.0
Aug 0.086 0.062 32.0
Mar 0.093 0.088 5.3
Third Nuclear Power Plant May 0.081 0.070 14.7
Aug 0.048 0.041 15.6
‘ Mar 0.140 0.133 4.8
Pong-Hu Chienshan Power _
May 0.219 0.235 7.0
Plant ”
Aug 0.069 0.046 40.2
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Abstract

The purpose of this study was to use total residual oxidants (TRO) as an
indicator for determining the optimal ozone dosage needed to control water
quality and thereby enhance survival of cultivated aquatic organisms. When
the TRO concentration was maintained at 0.16 mg/l for two hours, the total
bacteria plate count dropped from 7.7 x 102 CFU/ml in the untreated sea
water to less than 10 CFU/ml in the ozone-treated sea water. The TRO con-
centration in the ozone-treated water was well below the 96-h LCs, for
hybrid tilapia (Oreochromis mossambicus x O. niloticus) and whiteleg
shrimp (Litopenaeus vannamei) determined in this study. Hence, adjust-
ment of the ozone concentration in aquacultural sea water is a viable option
that simultaneously kills the majority of harmful bacteria in the water and
enhances survival of cultivated aquatic organisms.
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Abstract

The present study was undertaken to evaluate the toxicity of tributyltin (TBT) on oysters (Crassostrea gigas) and
bioaccumulation of TBT and triphenyltin (TPhT) on oysters and rock shells (Thais clavigera) from mariculture arcas of Taiwan.
When treated with concentrations of 0.08, 0.40, 2.00, 10.00 and 50.00 ng TBT/L, the 48-, 72-, 96- and 120-h LC50s of oysters
were 44.6, 18.4, 17.9 and 14.3 ng TBT/L, respectively. In the bioaccumulation experiments, oysters and rock shells were exposed
to various concentrations of organotins, i.e. A: control, B: 0.40 ng TBT/L, C: 0.40 pg TPhT/L, and D: 0.20 pg TBT/L + 0.20 ng
TPhT/L. In general, TPhT was faster accumulated than TBT in both oysters and rock shells and oysters had a higher
elimination capability than rock shells. Additionally, greater bioaccumulation and elimination rates had been observed in
female oysters than males. To rock shells, the bioaccumulation rate of organotins in imposex females was greater than males
and females.
© 2005 Elsevier B.V. All rights reserved.

Keywords: Bioaccumulation; Organotin compounds; Rock shells and oysters; Sexual phenomena; Hermaproditic/imposex
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ARTICLE INFO ABSTRACT

Keywords: The present study was undertaken to evaluate the distribution and accumulation of tributyltin (TBT) and
Bioaccumulation triphenyltin (TPhT) in seawater, sediments and selected organisms from a cage mariculture area in south-
Cage mariculture ern Taiwan, Hsiao Liouchiou Island. Our results show that X0Ts were found in concentrations as high as

Organotin compounds

Tributviti 196 ng/L in seawater collected from the sites in Pai-Sa harbor, and up 1040 ngfg dry wt. in sediments
rbutyltin

dredged from sites within Da-Fu harbor. Also, ZOTs concentrations of 859 ng/g dry wt. were observed
in the liver of cobia (Rachycentron canadum) from mariculture cages. As most published studies have
focused on the acute toxicity and biocaccumulation of organotins in mussels, the effects of organotins
on cobia and other marine fauna are still poorly understood. This study highlights the significance of
EBTs accumulation in cobia, as well as in the sediments and seawater surrounding their culture facilities.

© 2011 Elsevier Ltd. All rights reserved.
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Table 1

Concentrations (ng-Sn/g) of organotin species in seawater collected along the coast of Hsiao Liouciou Island.

Station No. MBT DBT TBT 2BTs MPT DPT TPT 2PhTs 20Ts
0 129 +1.12 28.4+2.53 21.6+2.19 62.9 nd 26.1+2.09 153+1.43 41.4 104
1 11.6 £0.97 18.5+0.91 223+2.21 524 nd 20.8 £1.49 nd 20.8 73.2
2 12.5+1.64 14.0+1.35 17.7+0.88 442 nd 15.7+1.01 nd 15.7 599
3 17.0+£1.16 12.3+0.49 15.0+0.50 443 nd 9.16+0.52 nd 9.16 53.5
4 11.8 +1.13 15.7+1.13 28.8+3.67 56.3 nd 7.70£0.39 12.7+0.99 204 76.7
5 11.6 £0.95 26.6+1.39 6.88+0.52 45.1 nd 7.97 £ 0.68 nd 7.97 53.1
6 4.20+0.20 15.5+1.78 145+ 1.30 34.2 nd 9.58 £0.53 nd 9.58 43.8
7 13.4+1.53 21.5+2.15 105+ 1.96 454 nd 9.97+0.76 nd 9.97 55.4
8 24,1 £1.51 54,2+3.75 112+£9.77 190 nd 6.07 £0.36 nd 6.07 196
9 194 £1.20 63.8+3.99 71.4+5.43 155 nd 5.55+0.27 nd 3.35 160

nd: not detected.

Table 2

Concentrations (ng-Sn/g) of organotin species in sediments collected along the coast of Hsiao Liouciou Island.
Station No. MBT DBT TBT 2BTs MPT DPT TPT >PhTs >0Ts
0 15.9+1.90 4.68 +0.67 9.69 +0.44 303 nd nd nd nd 30.3
1 204+1.38 2.83 £1.00 5.65+0.23 28.9 nd nd nd nd 28.9
2 25.8+1.88 3.22+0.21 434 +0.13 334 nd nd nd nd 334
3 36.3 £4.02 256 +0.12 5.33 +0.37 44.2 nd nd nd nd 44.2
4 15.9+0.96 244 +0.14 3.96 +0.84 223 nd nd nd nd 223
5 30.0+1.01 2.64 £0.11 422 +0.11 36.9 nd nd nd nd 36.9
6 14.6 £ 0.87 290+0.12 4,05 +0.14 216 nd nd nd nd 21.6
7 13.3+1.44 3.10+0.66 4,02 +0.73 204 nd nd nd nd 204
8 177+19.2 151 +9.77 567 £19.6 895 nd nd nd nd 895
9 56.4+8.90 217+21.1 765 +89.2 1038 nd nd nd nd 1038

nd: not detected.
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Fig. 2. Percentages of six organotin species (TBT, DBT, MBT, TPhT, DPhT and MPhT) in seawater along the coast of Hsiao Liouciou Island.

Table 3

Concentrations (ng-5n/g) of organotin species in two barnacle species collected at cage mariculture areas along the coast of Hsiao Liouciou Island.
Species MEBT DBT TBT >.BTs MPT DPT TPT ~PhTs >0Ts
Balanus sp. 49.0 +6.68 704+7.72 238+275 357 nd nd nd nd 357
Lepas anserifera 42.5+3.56 63.0+7.80 230+£33.0 336 nd nd nd nd 336

nd: not detected.
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ARTICLE INFO ABSTRACT
Article history: _ In 2009, the container ship Colombo Queen and the oil tanker W-0 BUDMO grounded off Jialeshui and Houwan,
Received 30 September 2016 respectively, in southern Taiwan. Water quality was monitored at each site to evaluate the environmental impact

Received in revised form 7 February 2017
Accepted 14 February 2017
Available online xxxx

caused by the resulting oil spills. The results show that the PAHs, turbidity, and other nutrients increased shortly
after oil spill, however levels of these parameters eventually returned to baseline levels. On the other hand, DO
saturation, pH and chl. a decreased initially, reached maxima after 10 days, and returned to the baseline levels
after 14 days. The chl. a concentration, pH and DO saturation fluctuated in a similar pattern at both sites during

Keywords:

Oﬂyspm the oil spills, likely driven by algal blooms. In this study, we documented a full environmental recovery at coastal
Water quality areas before, during and after the oil spills.

Blooming © 2017 Elsevier Ltd. All rights reserved.
PAHs

Seawater
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Ammonium M 0.7 3.8 99.4 no | ASampling site
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Fig.1.a.Sampling sites at Houwan. The W-0 BUDMO grounded off the coast between sites
C and D. Before the oil spill: 54, 7, 58, S10. During and after the oil spill: A, B,C,D,E, and F.
b. Sampling sites at Jialeshui. The Colombo Queen grounded off the coast between sites Al
and B1.



Table 2

Seawater quality means (+ 1 SD) at the different stations sampled along the coast of Houwan after the grounding of the German chemical tanker W-0 BUDMO.

Station Temp. Salinity pH Dissolved Oxygen NO3-N NO,-N PO4-P Si(OH)4-Si NH3-N Turb. Chl. a
no. (°C) (psu) oxygen saturation (uM) (M) (1M) () (M) (ntu) (pe/L)
(mg/L) (%)
A 291 £ 1.1 32,16 £ 0.59 8.07 £ 0.12 6.64 + 045 103.5 £ 8.1 1.38 £ 059 0.26 £ 0.14 033 + 031 633 £+ 2,68 1.81 £ 0.72 18.7 &£ 272 1.80 &+ 3.36
B 292 £ 14 31.83 £ 0.67 8.09 £ 0.15 7.18 £ 1.30 112.0 £ 225 133 £ 091 0.80 = 1.39 0.27 = 0.26 7.00 £ 3.31 6.05 £ 3.34 18.0 + 274 1.75 &£ 2.41
C 293 £ 15 31.67 £ 0.55 8.04 + 0.18 6.85 £ 1.22 106.9 + 21.3 1.09 4+ 039 0.27 £ 0.07 022 + 0.10 899 + 3.28 21.5 + 243 347 £ 650 2.00 + 4.64
D 289 + 1.2 31.04 + 1.12 7.95 + 0.20 572 + 1.17 88.2 + 18.7 272 + 1.79 0.30 + 0.06 027 + 0.26 14.0 4+ 9.10 7.33 £ 541 53.5 + 107 1.39 4 2.67
E 295 £ 0.7 31.75 £ 0.65 8.05 £ 0.13 6.98 + 0.96 109.2 £ 16.0 224 + 1.24 0.25 £ 0.07 025 = 0.18 7.58 + 3.42 10.5 = 23.0 8.58 £ 9.75 1.71 & 3.37
F 297 £ 14 31.67 £ 0.76 8.02 + 0.07 643 + 0.20 100.7 + 3.8 255 + 1.20 0.28 + 0.08 022 + 0.12 794 + 3.06 251 £ 1.22 9.71 £ 147 0.84 + 0.67
Table 3
Seawater quality means (£ 1 SD) from Feb. 2009-Jun. 2009 surveyed along the coast of Houwan before the W-0 BUDMO oil spills event.
Station no. Temp. Salinity pH Dissolved oxygen Oxygen saturation NO5-N NOs-N PO4-P Si{OH)4-Si NH;3-N Turb. ChlLa
(-0) (psu) (mg/L) (%) (uM) (uM) (M) (M) (uM) (ntu) (ng/L)
S10 269 + 20 33.47 £ 1.03 822 + 0.16 6.45 + 042 975+ 93 6.49 + 1.64 0.21 £ 017 0.15 £ 0.10 535 £ 0.17 1.89 £ 1.71 040 £ 0.10 0.48 + 044
S4 269 + 20 3290 4 1.61 8.30 £ 0.09 6.56 4+ 0.48 99.0 £ 10.5 3.68 + 2.41 0.20 £ 0.17 041 + 0.08 228 +£ 043 1.14 + 1.80 0.53 £ 0.06 0.72 + 0.65
S7 26.8 + 2.2 32.90 + 1.61 8.26 + 0.07 6.32 + 045 95.2 + 10.2 5.78 + 1.96 0.24 + 0.07 0.54 + 035 430 + 1.31 0.24 + 0.04 0.50 + 0.10 0.12 + 0.01
S8-S 269 + 2.1 33.07 £ 1.05 8.22 + 0.02 6.47 + 042 97.8 £ 9.8 6.87 + 1.18 0.08 £ 0.12 0.30 £ 0.05 4.01 £ 1.77 0.28 £+ 0.25 0.30 £ 0.10 0.12 £ 0.01
S8-B 258 £ 2.1 3317 £ 1.05 8.22 + 0.04 6.43 + 037 95.3 £ 8.7 8.79 £ 3.56 0.10 + 0.09 0.20 £+ 0.06 5.01 £ 3.03 0.54 £+ 0.74 0.33 £ 0.06 0.11 £ 0.01
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ARTICLE INFO ABSTRACT

Article history: The coral reef ecosystems of Nanwan Bay, Southern Taiwan are undergoing degradation due to anthro-

Available online 14 December 2013 pogenic impacts, and as such have resulted in a decline in coral cover. As a first step in preventing the
continual degradation of these coral reef environments, it is important to understand how changes in

Keywords: water quality affect these ecosystems on a fine-tuned timescale. To this end, a real-time water quality

Coral reefs monitoring system was implemented in Nanwan Bay in 2010. We found that natural events, such as cold

Online/real-time seawater quality
monitoring system
Seawater quality

water intrusion due to upwelling, tended to elicit temporal shifts in coral spawning between 2010 and
2011. In addition, Degree Heating Weeks (DHWs), a commonly utilized predictor of coral bleaching, were
0.92 and 0.59 in summer 2010 and 2011, respectively. Though this quantity of DHW was below the pre-
sumed stress-inducing value for these reefs, a rise in DHWSs in the future may stress the resident corals.

© 2013 Elsevier Ltd. All rights reserved.




Table 1
The specifications for precision and accuracy of all measured parameters.

Sensor Accuracy (%) Precision (%)
Temperature 99.9 0.8

Salinity 99.9 0.18

pH 99.9 0.43
Dissolved oxygen 100.4 4,55
Turbidity 100.3 6.12

Salinity: IAPSO STANDARD SEAWATER (Batch: P152, 34.993 psu).

pH: Merck Buffer pH4, pH 7, pH 10 and traceable to Standard Reference Material
(SRM) from NIST and PTB.

Dissolved Oxygen: Air saturation.

Turbidity: HACH Formazin Turbidity Standard- 4000 NTU.
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000

./
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Fig. 1. A schematic of the online, real-time seawater quality monitoring system.



12.5 28
a
v 27
12.0 4 L 26
[
E L2s 8
£ 115 ‘?,3
3 F24 &
[+
=
- 23
11.0
— Depth -22
—— Temperature
1005 . r : r ; . : 21
g g8 g & & & & g &8
& g & ¢ g g & g ¢
E 2 § 2 g g2 g & 8
o § ~ ~ I3 o I3 I3 I
Day of month (Lunar)
12.5 b 115
- 110 ;E
12.0 - A J 1 105 §
ol ‘ g
E ' _ - 100 &
S 115 Il ] 8
g h I - 95 §
| o
- -o0 2
11.0 1 K=
2
o -85 O
—— Dissolved Oxygen Saturation
10.5 T T ¥ T T hd T T T M T i T v hd T ¥ 80
g & 8 & &8 &8 &5 & 8
g ¢ & g & g 8 g g
2 F £ E :§E§§i
L] § 1 o~ 5] § (3] § §
Day of month (Lunar)

Fig. 4. Temperature and dissolved oxygen concentration changes across a tidal

cycle in September 2009 in the coral reef ecosystems of Nanwan Bay, Southern
Taiwan.



28

27 A \
26 A
s
<
B 25 1
i
a»
E- 24 4
[
23 4
—— Mar-2010
221 —— Mar-2011
— Apr-2011
21 T T T T T T T T T T T T
17 18 19 20 21 22 23 24 25 26 27 28 29 30
Day of month (Lunar)

Fig. 5. Days before and after the coral spawning period in 2010 and 2011 in the

coral reef ecosystems of Nanwan Bay, Southern Taiwan.

32
31 - |
30 A
29
28 -

ik i Mt

‘m
|

27
26.
254

Temperature (°C)

24 -
23-
2 ]
21 -

:—2010
| —— 2
|

— Threshold

T“W

”

20 T T T
6

Month

10

Fig. 6. Temperature logged between June and October in 2010 and 2011.
bleaching threshold temperature has been shown to be at 29°C. Vertical lines

indicate the summer period.

11

The



A DHW - 1.4
30.2 —&— Temperature
1.2
30.0 4
e - 1.0
E 206 ar g ” i A
= VAN 15
= 204 ééé? é?’%
A v AN &
292 2%%%% 1 -02
1TV 00 |
29.0 I % 4 444% A VA A VA Vi L 0.0
08/13 08/15 08/17 08/19 08/21 08/23 08125 08/27 08/29 08/31

Day of month

Fig. 7. Degree Heating Weeks (DHWSs) ranging from 0.59 and 0.92 within the
summer periods of 2010 and 2011, respectively, in the coral reef ecosystems of
Nanwan Bay, Southern Taiwan.

Table 2
The stress levels defined are based on current values of the coral bleaching hotspot
and Degree Heating Weeks (DHW).

Stress level Definition Effect

No stress HotSpot =0 No bleaching
Bleaching watch 0 < HotSpot < 1

Bleaching warning 1 = HotSpot, 0 <DHW <4 Possible bleaching
Bleaching alert level 1 1 = HotSpot, 4 = DHW <8 Bleaching likely

Bleaching alert level 2 1 ; HotSpot, 8 = DHW Mortality likely
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Fig. 9. The abnormal sea-level induced by the Tohoku earthquake and the
associated tsunami on March 11, 2011 in the coral reef ecosystems of Nanwan
Bay, Southern Taiwan.



N
=

"%

JE[E. A

HP &R




RERAERE(CTSI) = C TSI(SD)+TSI(Ch)+TSI(TP) 3 /3

TSI (SD) = 60 - 14.41 x In SD
TSI (Chl-a) = 9.81 x In Chl-a + 30.6
TSI (TP) = 14.42 x In TP + 4.15

—Elzj

S (M)
Chla %Z%%%am;)* (Mg/L)
TP = 48k 2 (ug/L)

CTSI Chl P

< 30—40 0—2.6 0—12

40—50 2.6—20 12—24

50—70 20—56 24—96

70—100+ 56—155+ 96—384+

SD Trophic Class
Oligotrophic

Mesotrophic

2—0.5 Eutrophic

0.5— < 0.25 Hypereutrophic



Table 3. Water quality criteria for index score and

conversion table of RTSI and CTSI

Trophic Class

Ranks

Oligotrophic

Mesotrophic

Eutrophic

Hypereutrophic

Dissolved oxygen
saturation

DO(%)< 114 %

114<DO(%) <116 %

116 <DO(%)< 129 %

DO(%)> 129 %

pH pH=< 8.29 8.29<pH < 8.30 8.30 <pH < 8.41 pH> 8.41
index Scores (S1) 1 3 5 7
RTSI value RTSI=< 2 2 <RTSIs 4 4 <RTSI<6 RTSI> 6
Ranks
Oligotrophic Mesotrophic Eutrophic Hypereutrophic
RTSI <2 >2~<4 >4 ~ <6 > 6
CTSI >30 ~ 40 >40 ~ <50 >50 ~<70 >70

RTSI= (S,+S,)/2
S,: pH index Score

S,: Dissolved oxygen saturation index Score
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