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Abstract : This paper reviews the history and present status of red tide and algal toxins occurrence in Hong
Kong and Pearl River Estuary. As one of the most frequent HAB occurrence areas, Hong Kong first began
its reporting of HAB events in the early 1970’s. In 1983, Lam &. Ho pointed out that the increasing HAB
and related fish-killing events in Hong Kong were correlated with increased urbanization of that region.
From 1980~1997, 496 HAB events were recorded in Hong Kong waters. According to the record, the
most frequent HAB occurrence area in Hong Kong were at Tolo Harbour (which involved more than 70%
of the total HAB events), Mirs Bay and Port shelter (which all locate at northeast of Hong Kong). In
Hong Kong, 70% of the HAB happened during Dec. ~ May. At least 58 HAB species are known to
distribute in Hong Kong. Here. the main HAB species are N. Scintillans, S. costatum, G. polygramma .
P. triestinum, P. minimum,C. furca, M. rubrum. G. splendens,P. sigmoidens, P. triquetra and L.
minimus. Hong Kong is also considered to be a vulnerable area for foreign HAB species because it is such
an internationally important marine transportation center. Several species of dinoflagellate cysts were
found in ballast waters arriving Hong Kong from Aukland and California to Hong Kong.

In Hong Kong, PSP was first detected in shellfish samples in Tolo Harbor in 1985. PSP in marine
products from Hong Kong showed two peaks with the main peak occurring in the spring and the other in
fall. Several illnesses were suspected to be caused by the consumption of DSP contaminated marine
products in 1995. CFP (Ciguatera Fish Poisoning) is also a frequent algal toxin problem in the Hong Kong
area. More than 200 documented CFP poisoning events have occurred in Hong Kong since 1989, resulting
in more than 1 000 people being intoxicated. Although most of these CFP incidents were due to the
consumption of imported coral reef fish, the causative HAB species Gambierdiscus toxicus,has also been
found recently in local waters.

3-factor experiments have been used to study the combined effects of main physical factors
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temperature, irradiance and salinity on the growth of three red tide species Dinofllagelate Alexandrium
tamarense , Raphidophyte Heterosigma carterae, and Diatom Skeletonema costatum. The results showed
that temperature (12C, 19C, 25C, 32 C), salinity (10, 18, 25, 30, 35) and irradiance (0. 02, 0. 08, 0.
3. 1. 6X 10" quanta/(sec * cm®) significantly influence the growth of all these three species. For all these
three species, there were interactive effects between any two of and among all three physical factors on the
growth, except irradiance and salinity on H. carterae growth. The optimal growth condition of A.
tamarense was 19'C, 30 and 1. 6 X 10'° quanta/(sec * cm?®); H. carterae 25C, 10~ 35 and 1. 6 X 10'¢
quanta/(sec * cm?); and S. costatum 25C, 18~ 35 and 1. 6 X 10'°quanta/(sec * cm”). In Hong Kong
waters, H. carterae and S. costatum divided at higher rate and were more likely to bloom under high
temperature and high illumination from spring to fall. Both species were able to distribute widely in ocean
and estuary due to their adaptation to relative wide salinities. A. tamarense grew at a lower rate than the
other two species and was more likely to form red tide only at early spring or late autumn in ocean area.
Competition experiment with these three major red tide species under different salinities (10, 18, 25, 30,
35), temperatures (19 C, 25 C) and nutrient conditions (Si, N : P) were carried out. The results showed
that S. costatum competed with other two species successfully at salinities of 18, 25, 30, 35 at both
temperatures of 19 C, 25 C, However., H. carterae showed its advantage at low salinity of 10 and became
dominant at 10 C and 25C . A. tamarense tended to become dominance at low Si and low N : P ratio
conditions. The competitive advantage of S. costatum could probably explain why it is one of the most
frequent HAB occurrence species in Hong Kong waters. Eight common red tide species including the
Dinoflagellates  Alexandrium tamarenses Prorocentrum minimum, Prorocentrum mican, Diatoms
Skeletonema costatum, Cerataulina pelagica, Leptocylindrus minimus. a Raphidophyte Heterosigma
carterae and a Chrysophyte Isochrysis galbana were chosen to study the effect of four nitrogen substrates
(NO;-N, NH,-N, Urea-N, mixed-N) on the growth of these algae. After two transfers, the results
showed that at N concentration of 550uM, NO;-N was the best nitrogen source among these four nitrogen
substrates; Urea-N and Mixed-N were also good for growth of most algae, but not as good as NO;-N for
some species; NH,-N inhibited growth of all these species except H. carterae. Based on the above results
and the local environment conditions,the functions of main environmental factors in forming red tides in
Hong Kong; Pearl River Estuary are discussed.
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Table 1 Red tide occurrence in Hong Kong and Pearl River Estuary
Sea area Number Sea area Number
Mirs Bay 72 Victoria Harbor 11
Tolo Harbor&.Channel 268 Southern Waters 51
Eastern Buffer 1 North Western Waters 10
Port Shelter 61 Western Buffer 16
Junk Bay 5 Deep Bay 1
s —N. scintillans G. polygramma, S. costatum
M. rubrum s C. furca, P. triestinum, G.
splendens, Thalassiosira spps P. sigmoidens, o s N.
scintillans 12 4 » G. polygramma 2~5 » S, costatum
5~9 . ,74.4% (Tolo Habour) . (Mirs Bay)
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1998 3 , . s s
. . 1500 s
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Gymnodinium mikimotoi (HK-98) , , ,90%
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Table 2 Occurrence of red tide causative species in Hong Kong, 1980~1997
Species Number Species Number Species Number
Dinoflagellate
Noctiluca scintillans 165  Gonyaulax polygramma 38 Prorocentrum triestinum 29
Prorocentrum minimum 27 Ceratium furca 23 Prorocentrum sigmoides 15
Peridinium triquetra 10 Gymnodinium nagasakiense 5 Prorocentrum micans 4
Gymnodinium sp. 3 Gymnodinium simplex 3 Prorocentrum dentatum 3
Alexandrium excavetum 3 Gymnodinium viridescens 1 Gyrodinium resplendens 3
Gymnodinium sanquineum 1 Gymnodinlum splendens 1 Peridinium trochoideum 1
Prorocentrum sp. 1 Alexandrium catenella 1
Diatom
Skeletonema costatum 38  Leptocylindrus minimus 9 Rhizosolenia tragillssima 8
Thalassiosira mala 7 Chaetoceros sp. 5 Nitzschia delicatissima 4
Thalassiosira nordenskioeldi 4 Thalassiosira spinulata 4 Leptocylindrus danicus 4
Nitzschia seriata 3 Cochlodinium sp. 2 Synechocystis sp. 2
Trichodesmium erythraeum 2 Trichodesmium sp. 2 Biddulphia mobillentsis 2
Thalalssomones sp. 1 Distephanus speculum 1 Chlamydomonas sp. 1
Biddulphia sicensis 1 Cerateullna pelagica 1 Chaetoceros pseudocrinitus 1
Cyclotella sp. 1 Eucampia zoodiecus 1 Nitzschia longissima 1
Rhizosolenia delicatula 1 Rhizosolenia stolterlothii 1 Thalassiosira sp. 1
Chaetoceros curvisetum 1
Raphidophyte
Olisthodiscus sp. . 9 Chattonella sp. 1
Cryptomonadaceae
Cryptomones sp. 8  Cryptomones acuta 1
Eugleuophyceae
Eutreptiella sp. 4
Protozoa
Mesodinium rubrum 7
Other
Cyttarocylis sp. 1 Pedinomonadaceae sp. 1 Katodintum rotundatum 1
Plagioselmis prolonga 1
Total 58 496
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Table 3 Optimum growth conditions for three representative red tide species and their growth rates
S. costatum

Species A. tamarense H. carterae
Temperature( C) 19 25 25
Light (quanta/(s * cm?)) 1.6X101'6 1. 610! 1.6X 10
Salinity 30 10~35 18~35
Growth rate (/d) 0. 25 0.8 1.45
ANOVA (Tukey test) s
, 3 3 .
N N
; (<25C) s
Honjo , 15~30C , s
20~25CH, 22C fed,
s ~ Ls.17] ’
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Fig. 2 Structure change of three typical red tide
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Table 4 Several common red tide species and I. galbana used in the experiments

Species NO;-N NH,-N Urea-N Mixed N

Dinoflagellate
Alexandrium tamarense (ATHK) ++++ ++ 4+ 4+ +++
Alexandrium tamarense (HK9301) ++++ ++ ++++ +++
Prorocentrum minimum ++++ — + 444+ +4++
Prorocentrum micans ++++ ++++ +++

Diatom
Skeletonema costatum ++++ — + 4
Ceratanlina pelagica ++++ — + 4+ +++
Leptocylindrus minimus ++++ +4++ +++

Raphidophytes

Heterosigma carterae ++++ ++++ +++4+ ++++

Chrysophcea
Isochrysis galbana ++++ 4+ 4+ 4+ + 4+

4.2.5 s
8.25
s ,1980~1998 , 67
24 . 16 , 6 Gymnodinium /Gyrodinium , 2
Prorocentrum sigmoides — Chattonella marina", 1998 4 s
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