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Abstnct 
In this study, the effects of climatic variability on the interannual phytoplankton dynatnics and harmful 
algal blooms in Hong Kong coastal waters were exatnined. The effects of the El Nino-Southern 
Oscillation (ENSO), Pacific Decadal Oscillation (PDO) and the Nmth Pacific Gyre Oscillation (NPGO) 
on phytoplankton biomass were determined using monthly water quality monitming data form1986-2004. 
Each mode of climatic vmiability was significantly con·elated with chlorophyll a (CW) concentration. The 
strongest relationship was tl1e positive relationship between tl1e NPGO index and CW. The mechanism for 
this relationship is suggested to be due to the effects of the NPGO on wind speed and temperature in 
Hong Kong. In a case study into the effects of climatic vm·iability on HABs, it was found that the 
frequency of P. minimum blooms was significantly lower during El Nifio conditions. 

1. Introduction 
In oceatlic ecosystems the factors that control 
phytoplankton growth are detennined by physical 
processes, such as upwelling and ve1tical mixing, 
which in tum are controlled by climatic variability 
(Miller et al. 2004). However, in coastal 
ecosystems anthropogenic stressors, such as 
enhanced nutrient loadings, may influence 
phytoplankton dynamics and interact with natural 
climatic va1iability. Due to these complex 
interactions, little is cunently known about how 
climatic variability affects phytoplantkon in coastal 
environments. 

The coastal waters of Hong Kong have incuned 
setious environmental problems, pmticularly as a 
result of cultural eutrophication (EPD 2006). There 
is also marked seasonality in coastal processes in 
these waters due to tl1e seasonal monsoon. This 
study aims to detennine whether climatic 
variability plays a significant role in the 
interannual phytoplankton dynmnics of the Hong 
Kong coastal waters. The influence of climatic 
variability on HABs will also be examined through 
a case study on the effects of the ENSO on blomns 
of the red tide fmming dinoflagellate 
Prorocentrum minimurn. 

2. Mrthods 
Three dominant modes of climatic vatiabilty in tl1e 
north Pacific were examined to detetmine their 
effect on phytoplankton dynatnics in Hong Kong 
coastal waters. ENSO, the PDO and the NPGO 

were examined using the Multivariate ENSO Index 
(MEl), the PDO Index (PDOI) and the NPGO 
Index (NPGOI), respectively. These indices were 
conelated with deseasonalized monthly 
chlorophyll a (Chl) concentTations for twelve 
monitoring stations (see Table 1 for station 
locations). CW concentration data was obtained 
from the Hong Kong Environmental Protection 
Department's Marine Water Quality Program from 
1986-2004. 

To examine the influence of ENSO on P. minimum 
blooms from 1986-2003, data on tl1e occmTence of 
P. minimum red tides were obtained from the 
Agticulture, Fisheries and Consetvation 
Department. In Hong Kong, El Nifio years are 
wann and wet, whereas La Nifia conditions are 
relatively less pronounced (Chang 1999). A chi 
square analysis was used to determine whether the 
incidence of P. minimum blooms was significantly 
different dming El Nifio conditions compm·ed with 
La Nifia and nonnal conditions. 

3. Results and Discussion 
3.1 Influence of Climatic. Variability on 

Phytoplankton 
Chl concentration was significantly negatively 
conelated witl1 the PDOI and MEl at all but one of 
the stations and significantly positively conelated 
with the NPGOI at all of the stations (Table 1). 
The coiTelations were generally strongest between 
Chl concentration atld the NPGOI. 
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It is believed that the influence of the NPGO on 
physical factors in Hong Kong is the mechanism 
responsible for the strong relationship between the 
NPGOI and Chi. The NPGOI was found to be 
significantly negatively con·elated with wind speed 
and positively conelated with temperature in Hong 
Kong. Fm1he1more, previous studies by Ho et al. 
(2008) show that phytoplankton growth in Hong 
Kong can be limited by wind-driven mixing and 
low temperatures. 

3.2 Influence of ENSO on P. minimum red 
tides 
Hong Kong's worst ever recorded red tide 
occuned in sp1ing I998 (Yin et al. I999; Yang & 
Hodgkiss 2004). Dming this time period there was 
a strong El Nifio, which has been suggested as a 
causative factor for this red tide (Yin et al. I999; 
Yang & Hodgkiss 2004). Although P. minimum 
was present during tlJ.is red tide event (Figure I), 
Karenia digitata was the dominant species (Yang 
& Hodgkiss 2004). Also, this red tide was unusual 
in that it fo1med in Chinese coastal waters to the 
no1th of Hong Kong and was u·anspm1ed into 
Hong Kong waters as a result of altered 
oceanographic conditions (Yin et ali999). 

Aside from this event, a majority of P. minimum 
blooms occuned dming La Nifia and normal 
conditions (Figme I) and the chi square analysis 
showed significantly (p<O.OI) fewer P. minimum 
blooms occmTed during El Nifio. 

P. minimum growth is favoured by low turbulence 
and high inadience conditions (Heil et al. 2005). 
Also, studies from Nm1h Carolina have found large 
blooms of P. minimum to occur during drought 
onset due to stable water conditions (Fensin 2006). 
It is therefore hypothesized that the turbulent 
conditions due to high river flow from 
anomalously high levels of rainfall associated with 
El Nifio in Hong Kong are responsible for the 
lower frequency of P. minimum blooms dming El 
Nifio conditions. This mechanism may also explain 
tl1e presence of P. minimum blooms during mild El 
Nino conditions in November I994, Februa1y and 
March I995 and January-March 2003 (Figme I), 
where the monthly rainfall for these months were 
0.2, 33.I , 32.4, 21.7, 15.I and 38.6 unn, 
respectively, compared with the mean monthly 
rainfall of I98 .I 1mn for the study pe1iod. 

Conclusions 
Despite the fact that anthropogenic influences and 
other localised coastal processes are present in the 
coastal waters of Hong Kong, large-scale climatic 
variability was shown to be a major factor 
dete1mining the interannual phytoplankton 
dynanJ.ics in these waters. The NPGO was found to 
be the dominant mode affecting phytoplankton 
biomass, and the mechanis1ns leading to this 
response are believed to be physical factors. such 
as wind speed and temperature. Other modes of 
climatic variability may also be impm1ant in 
controlling HABs, as was shown with the 
relationship between ENSO and P. minimum 
blooms. 
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T able 1: c one atwns b lim . . di etween c attc m d w h 11 ces an c oropnyJ concentt·atwn 
Correlation with Climatic 

Location Indices 
Water Quality Longitude 

Station Zone Latitude (N) (E) POOl NPGOI MEl 
DM2 Deep Bay 22° 29.769' 113° 59.549' -0.235 0.327 -0.495 
EM3 Eastern Buffer 22° 14.237' 114° 16.144' -0.314 0.525 -0.455 
JM4 Junk Bay 22° 16.873' 114° 15.378' -0.256 0.53 -0.29 

MM17 Mirs Bay 22° 30.192' 114° 20.960' -0.367 0.421 -0.427 

NM1 North Western 22° 20.877' 114° 1.286' -0.366 0.731 -0.451 
NM5 North Western 22° 23.051' 113° 53.972' -0.282 0.568 -0.426 
PM1 Port Shelter 22° 23.242' 114° 17.145' -0.334 0.513 -0.366 
SM1 Southern 22° 12.738' 114° 13.885' -0.354 0.574 -0.387 

SM12 Southern 22° 12.861' 114° 0.869' -0.03 0.344 -0.118 
TM4 Tolo Harbour 22° 25.964' 114° 13.176' -0.149 0.28 -0.394 

VM12 Victoria Harbour 22° 19.757' 114° 7.278' -0.27 0.738 -0.457 
WM1 Western Buffer 22° 15.044' 114° 7.363' -0.242 0.603 -0.299 

* Bold type mdicates that the conelatwn IS s1grnficant at the 0.05 level. 

Figm·e 1: Multivariate ENSO Index with pe1iods of P. minimum blooms indicated in blue. 
The sp1ing 1998 bloom which fmmed outside Hong Kong i s indicated in dark blue. 
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