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PREFACE HJE:

To secure orderly and efficient production of fisheries products is one of the visions of the Agriculture,
Fisheries and Conservation Department. The production of fisheries products relies on good water quality. The
Aquaculture Environment Section is the team responsible for conducting regular water quality monitoring and
also phytoplankton monitoring in fish culture zones.

Phytoplankton is the primary producers in aquatic food web. However, when there is a massive growth of toxic
phytoplankton causing harmful algal bloom (HAB), some negative impacts may be created. Identification of
toxic species is very important so that early warning can be issued to the mariculturists. It is also my major task
in my career life in the Department.

I joined the Department in 1981. Since then, I have been mainly engaged in the research and study of marine
phytoplankton. In 1982, the next year after I joined the Department, massive cultured fish loss due to harmful algal
blooms was recorded in Hong Kong. After that, the Department started to develop a system for phytoplankton
and HAB monitoring. 1 was occupied in assisting in the set-up of the system, including data collection of
phytoplankton and red tides found in local waters; long-term water quality monitoring; provision of training and
management for local mariculturists; and identification of marine phytoplankton and HAB species.

Over the years, with the hard-work of and assistance from all the colleagues I worked with, more than 800 species
of phytoplankton were successfully identified in Hong Kong. AFCD has now the most extensive scientific
database on marine phytoplankton and HABs in Hong Kong. Identification of phytoplankton was not easy but
it is interesting and meaningful. This book introduces 79 red tide causative species and I would like to share my
experience in phytoplankton identification to help readers identify the species.

Stanley, P.C. LAW

st H ARG E W Ferh — (AT > SRl PR A T DUE R P A ORI A i o SR > B
T RAT /K o 1R TR 2 SO SR I B 17 /K B B AV i R P B 8 A Y > ek s S aR
Bil o

TR S TR D B R BERG W A AR A o AN > BRI CRE DS A TR AR g PR R
BRI » [T FEEE(HAB) » 78058 Bk A IS o WiON LA T VI RLE R 10 fl e Ji = 28 Hh 7
BIRHHE > a8 R RIS A P BT o

FAE VOB TN SR RGBS o Je Se Al » 3R BAGE FH PV A A P A sl s RTE ZE A o £
ARBRNEE > BI19825F » bk 1 KA T EEHE I K B # S SRS C IS - FEDAER -
WR TP AR S S PR I IR BN R SRR o AR R » Fboh B e L 7 #e kb g Bl
W i R P LA Y SR B R ~ IO B ~ il S e S P R RBITNIA B > DU 3 i
TR PR 2 VI O

LA > IS A R BB I R S5 1= B TR ) > AR 18002 Myt Yy > g7
TNHE S N TR I Y OB o SRUE TR YA 2 o (R T HEREEE -
ANEAE T TOREAHE 5| B AL VIR - 7 SRS I 00 S JRAE P U A W i ) 3 v A 680 > 0 B ik
S o

1



ACKNOWLEDGEMENTS IE 3

I'would like to acknowledge the members of the Red Tide/HAB Experts Advisory Group for their invaluable advice
and continuous support to our research and management work. I sincerely thank Professor Yasuwo FUKUYO
and his colleagues of Asian Natural Environmental Science Center of the University of Tokyo, Dr Doris AU of
Department of Chemistry of the City University of Hong Kong for providing assistance with the Environmental
Scanning Electron Microscope (E-SEM) for identification and Ms Twinnie TSO of the Government Laboratory
for the domoic acid analysis with Liquid Chormatography - Mass Spectrometry (LC- MS) facilities. A special
thank is given to Dr Patsy Pat-shun WONG and Professor Rudolf Shi-sun WU for their support in writing
the foreword of this booklet. I am also thankful to all who have reported sightings of red tide and provided
information and photos to the Agriculture, Fisheries and Conservation Department and those who assisted in
species identification. Lastly, I would like to express my sincere gratitude to the director, Dr LEUNG Siu-fai,
and my supervisors, Dr Jim CHU Chun-wa and Dr Joanne LEE On-on, for their support to publish this book. I
would also like to thank all the teammates, Mr Brian YANG Kin-yu, Ms Vivian AU Chi-man, Ms Fion LEE
Yin-king, Ms Carrie CHAN Ka-wai and Ms Stephanie CHEUNG Chui-shan, in the Aquaculture Environment
Section of the Agriculture, Fisheries and Conservation Department for their assistance gathering information for
the production of this book and all the colleagues of the Official Languages Section for proof-reading. I hope this
book will help the public learn more about red tide causative phytoplankton.

HRSEALI /A7 T e K SR /AL B2 O 55 0 3 Sl B AN - R W 5 ~ AL IR Bl 2R b il A
RN GEBCEGH o A N\ AE BENG SR UK ER a5 SO RHER T 2 O 9 R FRRRE R 280052 B L [l {5 9 fl =L S A
B> P AEIRTT R ER A ER S TR kA T 0 W B 5 il V1 BRI B SR A > DR dE BUR AL B 7 v 5
AL 5530 LR SR Gl — BRI O TR B e 0 AT o [T > RIS AR I S bl 22
A o A R A S MHE R S o B BB & 2 A v Ut B R B e o A B 9 (R AL
ERTC At B S8 A9 1 o diet > AN AR RIS 1 2 B 8 8 R SR B Ml A DA b R R e e 1
&~ R B R B SR o B MR B ARG E K R R B AL KB - iR T ek
R R A ~ 2Rl A ~ B R A ~ BRI A > AN o TR 4t A1 R B B I
fiR o [ > 28 A re e A A ) < 0t o et At o h BRSBTS ek A v
| BEAL TN A iR P



FOREWORD J3

Phytoplankton, the microscopic drifting plants living in water, is the origin of productivity in all aquatic
ecosystems. It converts inorganic carbon, nitrogen, phosphorus and sulphur compounds into carbohydrates,
proteins and fats, making nutrients available for numerous aquatic animal species. The nutrients produced by
phytoplankton pass along the food web, providing food for many aquatic and terrestrial species, including human.
The photosynthetic activity of phytoplankton also converts carbon dioxide into oxygen, playing a significant role
in replenishing aquatic and atmospheric oxygen.

Conversely, the proliferation of phytoplankton can lead to red tides or harmful algal blooms (HABs) in the
aquatic environment. Most of the red tides are harmless. Yet some phytoplankton species may produce toxins
that are harmful to the fish. Red tides may also kill fish indirectly by depleting oxygen in the water when
phytoplankton decays. The Agriculture, Fisheries and Conservation Department (AFCD) has been monitoring
phytoplankton and red tides in Hong Kong for more than 40 years, aiming at detecting potential toxic algae and
development of red tides/ HABs with a view to providing early warnings to mariculturists and other concerned
parties to minimise the impact of red tides/ HABs.

Phytoplankton identification is a unique combination of scientific and artisanal techniques. Identification of
phytoplankton species is traditionally based on microscopic observation to differentiate various morphological
features, which requires tremendous efforts and highly specialised skills to make the algal species discernible. A
tiny and inconspicuous difference in one of the morphological features of two seemingly identical algal cells can
yield two different taxonomic classifications. The author of this book, Mr Stanley LAW, has been working for
AFCD on phytoplankton species identification for more than 30 years. With his exceptional technical skills and
experience, over 800 phytoplankton species have been discovered and identified in Hong Kong waters and more
than 80 red tide causative species, including toxic and non-toxic ones, have been recorded so far.

Over the past two years, Mr LAW and his teammates have collated the scientific information and statistical
data from years of red tide records into this book, hoping to reveal and share the fruitful outcomes of their
work. This publication first ever comprehensively documents and introduces the diversity of red tide causative
phytoplankton in Hong Kong. It not only records their scientific facts and morphological characteristics but also
unveils the fascinating microscopic world of the phytoplankton community in Hong Kong waters.

I am grateful to witness the birth of this book, as a reflection of some 30 years of work in the world of phytoplankton
by our colleagues. We hope to pass on the knowledge to our future generations in order to safeguard the sustainable
development of fisheries and marine ecological integrity.

Dr. LEUNG Siu Fai, Jp

Director of Agriculture, Fisheries and Conservation
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FOREWORD J3

My whole career life was closely associated with red tides in Hong Kong. In the summer of 1971, the second year
of my undergraduate study, a first unprecedented large scale red tide occurred in the southern beaches of Hong
Kong. This red tide incident was a Noctiluca bloom and was studied by Professor Brian MORTON who later
became the supervisor for my master study. My master and doctoral studies were on the ecology of some marine
mollusks, totally unrelated to red tide. However, just before finishing my doctorate study, I applied for the post
of Research Officer on Marine Pollution of the Hong Kong Agriculture, Fisheries and Conservation Department
(AFCD). During the interview for the post, I realised that the post was tasked to look into red tide problems in
Hong Kong. I confidently told the interviewing board that although I was not trained specifically on red tides, my
basic training in research during my postgraduate years would be adequate for me to carry out research on red
tides. And I did get the job finally when I completed my doctorate study.

[ can still remember my first day at work. After reporting duty at the AFCD Headquarters, upon my arrival at my
office in the Aberdeen Research Station, I was told to investigate a red tide outbreak at Po Toi O fish culture zone
immediately. So I conducted my first red tide investigation wearing a skirt and high heel shoes. With the samples
collected, I started my study on red tide causative organisms, the experience of which was really unforgettable.
The causative organism was a naked dinoflagellate which, when fixed with Lugol, just appeared as dark brown
to black blobs under the light microscope. The legacy from my predecessors was an album of black and white
photos and the naked dinoflagellates species all appeared as black blobs of different sizes and shapes. Studying
live samples under the microscope did not help as the cells either kept moving around at great speed or burst apart
with the addition of glycerin to slow them down. Identification of the red tide causative organisms was really a

great challenge to an amateur on red tide research like me.

As I'was not getting any success, | started to work from the very basics. First I established an information collection
system for phytoplankton and red tides in Hong Kong waters. All phytoplankton found in the water samples
collected from the water quality monitoring programme were identified as far as possible and recorded with
photos showing the identifying features. To improve recording, a higher magnification microscope with camera
set up was acquired and colour photos of the fixed phytoplankton were taken. Toxicity tests were conducted on
species suspected to be toxic and those confirmed toxic were recorded. Information of each red tides incident,
including water colour, location, extent, causative organisms and the associated impacts were recorded onto a
standard form. To enable collection of information of as many red tide incidents in Hong Kong as possible, a
red tide reporting network involving government staff conducting routine duties around Hong Kong waters and
mariculturists in all fish culture zones was established. All the above arrangements enable gradual but systematic
accumulation of information on phytoplankton, especially the red tide organisms, in Hong Kong. However, the
success of this information collection system in fact owes to the devotion and hard work of Stanley LAW who

joined my research team in 1981.
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Stanley took great interest in phytoplankton identification. He patiently took pictures of every phytoplankton
species that appeared in the samples and tried to collect as much identification features for each as possible. He
took the initiative to read up available literature on phytoplankton identification and kept himself continuously

updated.

He attempted various measures to take pictures of live naked dinoflagellates. An accidental breakthrough occurred
when he found that a disperser supposed to break and homogenise cells just immobilised the naked dinoflagellate
cells. For those dinoflagellates with delicate cell walls, he found that the best way was to patiently wait and
catch the moment when water just evaporated sufficiently to slow down the dinoflagellates and yet not enough
to burst the cell. In order to take pictures of the phytoplankton with the identification features, he carefully rolled
the cells around and took shots of each side from various visual depths. Over the years, he gradually upgraded
the techniques used for microscopic photography from simple light to phase contrast, diffraction phase contrast
and epifluorescence. Recently, he successfully introduced the Extended Depth of Focus (EDF) technique where
images of the same phytoplankton species are captured in different depths of field and combined together by
computer software to give a 3D image. This technique enables the taking of a single all-in-focus image of all the
particular fine structures of any phytoplankton cell which greatly enhances identification precision. Stanley is
also very keen to share his identification skill and over the years he has trained numerous colleagues and formed
a strong phytoplankton identification team within the department. The editors: Dr. Jim CHU, Dr. Joanne LEE,
Brian YANG, Vivian AU, Fion LEE and Carrie CHAN are all part of the team.

This book therefore is one of the achievements from Stanley's more than 30 years of toil and labour. With the
information provided in this book, all workers on red tides in Hong Kong, even newcomers or amateurs do not
have to go through what I went through when I first started to work on red tide and will be able to identify most
of the red tide causative species in Hong Kong. It is hoped that this book will help promote research in red tide or

harmful algal blooms in Hong Kong and find ways to solve the red tide problem in Hong Kong.

Dr. Patsy P. S. WONG

Former Senior Fisheries Officer of the Agriculture, Fisheries and Conservation Department
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FOREWORD J3

In the last three decades, both the number and scale of Harmful Algal Blooms (HABs) have shown a significant
increase globally. Cumulative evidence shows that a great diversity of phytoplankton can be causative species,
and their toxic effects on human and marine biota have caused grave environmental and public health concerns
both in Hong Kong and worldwide.

Since the first report of Noctiluca scintillans bloom in Hong Kong in 1971, HAB has attracted considerable
public attention and scientific interest in the local community. The Hong Kong government has correspondingly
introduced an extensive phytoplankton monitoring programme in local waters since 1975. This endeavor which
has been continuing for the past 40 years has succeeded, and now provides us one of the most extensive scientific
databases on marine phytoplankton and HABs in the world.

The author of this book, Stanley LAW of the Agriculture, Fisheries and Conservation Department (formerly
the Agriculture and Fisheries Department), is one of the pioneers of the Hong Kong phytoplankton and HAB
monitoring programme. I have had the privilege to work closely with Stanley for some 10 years in the 80's
during the early stage of our careers. Stanley has placed tremendous efforts in developing keys for identification
of marine phytoplankton and HAB species, especially the differentiation of toxic and non-toxic phytoplankton
species. The description and systematic information on HAB species summarised in this book probably serves
as the single most important guide for the general public, the scientific community in Hong Kong, and the Asian
Pacific region in the many years to come. The contribution and dedication of Stanley LAW in this area are highly
commendable.

Prof. Rudolf S.S. WU

Research Chair Professor
Department of Sciences and Environmental Studies,
The Education University of Hong Kong
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Chapter 1 Introduction

B—= Fs

Introduction

Microscopic algae are the primary producers that form the foundation of the aquatic food web. They are
responsible for consuming most of the carbon dioxide in the ocean through photosynthesis and releasing most of
the oxygen in the air we breathe.

There are over 800 microscopic algae recorded in Hong Kong waters in which 81 have been reported as red tide
causative species and among them dinoflagellates are the highest in number of species and occurrence cases.
Most of the red tide causative species are harmless and seldom cause large scale impact.

Microscopic identification of phytoplankton species is based on morphological and other visible features
under a light microscope. The task is arduous since high degree of skill and experience is required to identify
phytoplankton species in Hong Kong waters.

This booklet aims at disseminating red tide information and describing the red tide causative species that have
been recorded in Hong Kong waters from 1975 to 2017. It incorporates photo profusion and text description and
serves not only as a useful identification guide for students or those interested in phytoplankton identification,
but also to arouse public awareness on red tide. Specifically, it attempts to act as a reference guide to review
taxonomic history of various species by updating the valid name and retaining other names of the species in this
publication.
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What are red tides / harmful algal blooms?

Red tides or algal blooms are natural phenomena of water discolouration caused by rapid multiplication of
microscopic plankton to high levels of cell densities in water. Under favourable environmental conditions such
as optimal light intensity, water temperature, salinity, nutrient level and geographic location, etc., microalgae can
proliferate drastically and form red tides.

Harmful Algal Blooms (HABs) are the multiplication of toxic phytoplankton that may associate with negative
impacts to the marine system, aquaculture industry or human health via mechanical damage to other organisms,
production of toxins, or by other means.
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Occurrence of red tides in Hong Kong waters

The Agriculture, Fisheries and Conservation Department (AFCD) has started recording the occurrence of red
tides since 1975. From 1975 to 2017, 932 red tide incidents were recorded in Hong Kong waters. Figure 1 shows
the increasing numbers recorded in the early 1980s, with an exceptional high peak in 1988. Afterwards, the
numbers of incidents decreased to about 20 incidents on average in the last decade.

Red tides occurred all year round in Hong Kong waters with a peak frequent record in March and with the least
records in July over the past 40 years from 1975 to 2017. Figure 2 shows the monthly occurrence of red tides.
The seasonal pattern shows that red tides are more likely to occur in spring whereas the relatively high water
temperature in summer favours less red tide occurrence.

AFCD divides Hong Kong waters into six regions, namely West, South, Southeast, East, Northeast and Tolo
Harbour for monitoring. Figure 3 shows the relative distribution of red tide occurences in various water regions.
The highest red tide occurrence (35.0%) was recorded in Tolo Harbour whereas the lowest (4.4%) was recorded
in the eastern part of Hong Kong waters. The particularly high occurrence of red tide in Tolo Harbour might
be related to the urbanisation between 1970s to 1980s, livestock and domestic sewage discharge as well as the
topographic feature of Tolo Harbour which is a sheltered area with limited flushing by tidal currents compared
with others water regions. The relatively low number of red tide in the eastern waters might be associated with a
relatively open sea environment with less fluctuations of salinity and other environmental factors.
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Number of red tide incidents from 1975 to 2017
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Figure 1. Annual occurrence of red tides from 1975 to 2017
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Red Tide Species in Hong Kong

Number of red tide incidents from 1975 to 2017
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Figure 2. Monthly occurrence of red tides from 1975 to 2017
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Figure 3. Regional distribution of red tide incidents in Hong Kong from 1975 to 2017
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How many red tide species are found in Hong Kong?

There are over 300 aquatic organisms known to cause red tides all over the world of which only 81 have been
recorded in Hong Kong. Among the 81 bloom forming species in Hong Kong, only 22 are toxic or potentially
toxic algae.

The red tide organisms in Hong Kong are mainly classified into three groups, namely diatoms, dinoflagellates
and others including Chlorophytes, Raphidophytes, Cyanophytes and Cryptophytes, etc.. According to our
records, 643 red tide incidents were caused by dinoflagellates, accounting for 60.3% of the total number of red
tide incidents while 185 incidents are caused by diatoms which accounted for 17.3%. The remaining 239 records
(i.e. 22.4%) were caused by others.
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Figure 4. Percentage of red tide incidents caused by different phytoplankton groups
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Red Tide Species in Hong Kong
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Figure 5. Percentage of red tide occurrence caused by different causative species
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Noctiluca scintillans, which belongs to the dinoflagellate group, is the most common red tide causative species
while Skeletonema costatum, a diatom, and Mesodinium rubrum which belongs to the others group are the
second and third common red tide causative species in Hong Kong. They can occur as a single dominant species
or co-dominate with other species in a red tide. In addition, they can occur in a wide range of Hong Kong waters.
For instances, Noctiluca scintillans and Mesodinium rubrum are common and can be found in all regions of Hong
Kong waters. Details of the regional distribution of diatoms, dinoflagellates and others are listed in Appendices
I, II and III respectively. The text description of each causative species in this booklet will provide detailed
information on the occurrence of its blooms. Other common red tide species are shown in Table 1 and Figure 5.
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Table 1. The occurrence and percentage of red tide caused by common red tide causative species in Hong Kong

K FlEHE AL R 5| 2 R ALK B o o ke

Percentage of

. . . Red tide
Red tide causative species occurrence occurrence
. [Ep2d:n
Noct1]§¥gt1l]ans Dlnogégllate 287 26.9
Skeletonema costatum Diatom 67 6.3
e foe G '
Mesodinium rubrum Others 6 538
ARG Rt Fifth '
Gonyaulax polygramma Dinoflagellate 56 53
233 3 FH '
Prorocentrum cordatum Dinoflagellate 47 44
vy Ak HH '
Tripos firca Dinoflagellate 41 38
X 1% '
Prorocentrum triestinum Dinoflagellate 0 30
RBEJG B H1: '
Heterosigma akashiwo Others )% 26
pintiBas b Fifts '
Scrippsiella trochoidea Dinoflagellate 7 25
SR I EC 35 HH '
Akashiwo sanguinea Dinoflagellate 18 17
AL AR 5 FH '
. . Dinoflagellate,
Othej;au:ﬁgzsg ces Diatom and Others 402 37.7
ST T~ BRSO A

More than 80% of red tide incidents recoreded in Hong Kong waters were caused by harmless phytoplanktons,
whereas the rest was formed by harmful or potential harmful algae (Figure 6). Among the potential harmful
algal blooms, the extraordinary blooms of Prorocentrum cordatum (4.5%) occurred mainly in Tolo Harbour
from 1986 to 2004. This might be highly associated with eutrophication within localised system. Karlodinium
veneficum, Prorocentrum rhathymum, Takayama pulchella and Trichodesmium thiebautii each bloomed once
(0.1%) in Hong Kong and no adverse impact was recorded during their blooms. Figure 7 and Table 2 summarise
the potential harmful algal blooms recorded and their occurrences in Hong Kong waters since 1975.

Adverse impacts caused by harmful algae may include Amnesic Shellfish Poisoning (ASP), Paralytic Shellfish
Poisoning (PSP), Neurotoxic Shellfish Poisoning (NSP), fish kill (FK) and shellfish mortality. Some harmful
algae may produce microcystins, venerupin (hepatotoxin) and haemolytic toxins. Among these harmful algae,
the highest occurrence in blooms in Hong Kong is fish kill species and the lowest is haemolytic toxin produucing
species, constituting 46.4% and 0.5% respectively (see Figure 7).
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Figure 6. Occurrence of potential harmful algae in red tide incidents in Hong Kong (grouped by species)
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Figure 7. Occurrence of potential harmful algae in red tide incidents in Hong Kong (grouped by potential impacts)
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Table 2. Occurrence and percentage of potential harmful algal blooms recorded in Hong Kong
R FEF RGN A FH R BB 7 L

Red tide % of

Potential impact
occurrence occurrence

Potential harmful algal species

i R AR B ALAIBER BT
Fish kill Chattonella marina 6 0.5%
HE St i aw I pa o
Chattonella marina var. ovata 4 0.4%
TR AR I B T S o
Fibrocapsa japonica 0
e 2 0.2%
Gymnodinium sp. X 0
VX 2 0.2%
Heterosigma akashiwo 0
o 28 2.6%
Karenia digitata 0
Y ’ 0-8%
Karenia mikimotoi 0
KRB 12 1.1%
Karlodinium veneficum | 0.1%
Bl R o
Margalofidinium polykrikoides 5 0.5%
RA A o
Phaeocystis globosa 0
BRI A 16 1.5%
Takayama pulchella | 0.1%
FRRE R C
Microcystins producing Trichodesmium erythraeum 15 1.4%
FELE TR R AL B o
Trichodesmium thiebautii 1 0.1%
R B S
Neurotoxic Shellfish Poisoning Karenia papilionacea ) 0.2%
AR U R sl i B o
Paralytic Shellfish Poisoning Alexandrium catenella ) 0.2%
i P EOR HIIR R LR o
Alexandrium tamarense o
B B R K : 0-2%
Amnesic Shellfish Poisoning Pseudo-nitzschia delicatissima 4 0.4%
FRE R Ty o
Pseudo-nitzschia pseudodelicatissima 4 0.4%
EESIEE IR o
Pseudo-nitzschia pungens 0
SRS 6 0%
Shellfish mortality Heterocapsa circularisquama 17 1.6%
ISR I it S e o
Venerupin (hepatotoxin) producing Prorocentrum cordatum 47 4.4,
FELRISATF (TR 7 2 DR o
Haemolytic toxins producing Prorocentrum rhathymum 1 0.1%
FEAWIME R 182 i 5 S
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What are the potential impacts of red tides?

Most red tides have no negative impacts to the aquaculture industry, human health or natural environment. Only
a few algal species during their blooms are known to cause adverse impacts such as fish kills or seafood toxin
contamination.

Some algal species may produce mucus/toxin that impairs the respiratory function of fish gills. For example,
Chattonella marina and Chattonella marina var. ovata were associated with minor fish kills in local marine fish
culture industry in 2001. Besides, massive algal biomass decays and consumes large amount of dissolved oxygen
during decomposition by bacteria. The affected fish, especially those cultured in cages, may die of anoxia.

In addition, some algal species may produce toxins that can directly kill fish. For example, 9 fish culture zones
in Tolo Harbour, Long Harbour and northeastern waters were affected by the bloom of Karenia mikimotoi in
2015, resulting substantial loss of cultured fish. Besides that, some algal species may produce toxins or biotoxins
that may accumulate in shellfish or finfish. Shellfish poisoning may result if humans consume the contaminated
seafood that has been exposed to harmful algal blooms. For example, Alexandrium catenella caused Paralytic
Shellfish Poisoning (PSP) toxin contamination of local shellfish in 1989 in Hong Kong.

Discolouration of seawater during red tides or harmful algal blooms may place constraint on recreational activities
at bathing beaches or water sport centres. Sometimes, offensive smell or extensive foams may also violate the
natural aesthetics. Some algal species are suspected to produce microcystins that can cause skin or respiratory
irritations during contact. If red tides are observed in gazetted beaches, red flags will be hoisted. Public should
avoid swimming at such bathing beaches and seek medical advice if symptom appears after contacting the red
tide.
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Red tide management, reporting and investigation

Systematic reporting and recording of red tides was first established by AFCD in 1983. In view of the potential
impacts of red tides/HABs on both the aquaculture industry and human health, AFCD also devised a red tide
management strategy in 1983. It consisted of two programmes: an action programme comprising actions to be
taken during a red tide event and a supportive programme comprising research and educational activities to
collect further information and promote co-operation of fish farmers and the public during a red tide event.

Owing to the unprecedented fish kill, economic loss and ecological damage by a red tide incident caused by
Karenia digitata in 1998, a red tide management framework was then established by the Government of the
HKSAR in 1999 to further enhance red tide management to minimise the possible impacts of red tides or HABs
on the aquaculture industry and human health in Hong Kong. A Red Tide Steering Group (RTSG) serves to
oversee and provide guidance on the management and monitoring of red tides. A Red Tide Interdepartmental
Working Group (RTIWG) serves to ensure better coordination in technical and operational matters during red
tide/HAB events amongst various departments with AFCD acting as the coordinator. In addition, a Red Tide/HAB
Expert Advisory Group (RTEAG), comprising non-government experts from tertiary institutions or professional
associations is formed to provide advice on red tide/HAB management, scientific research and development.
Figure 8 illustrates the organisational structure of the above management framework and its activities.

Various channels have been established for the exchange of red tide information between AFCD and the
Mainland authorities concerned including the Ocean and Fisheries Environmental Monitoring Centre (the
Administration of Ocean and Fisheries of Guangdong Province) and the South China Sea Branch of the State
Oceanic Administration. This helps provide early clues and enables close monitoring of any development of a
red tide at an early stage.

Red tide incidents are mainly reported through the Red Tide Information Network which comprises of various
government departments, including the Environmental Protection Department (EPD), the Leisure and Cultural
Services Department (LCSD), the Marine Department, the Government Flying Services, the Marine Division
of Hong Kong Police Force and AFCD. Any sightings of seawater discolouration will be reported to AFCD.
Mariculturists as well as members of the public can also report occurrences or suspected occurrences of red tides
to AFCD.

Based on the information from the informant and investigation and analysis of the water samples collected,
AFCD will assess the risk involved in each incident and disseminate the information received and findings
to relevant departments including the Food and Environmental Hygiene Department (FEHD), EPD, the Water
Supplies Department, the Department of Health (DH), the Hong Kong Observatory as well as LCSD for their
appropriate follow-up actions.

Warnings are also given as appropriate to mariculturists in nearby fish culture zones, advising them to monitor
the fish condition and water quality, especially dissolved oxygen, closely with a view to minimising possible loss.

To protect swimmers from possible effects of a red tide, the LCSD beach staff will hoist red flags, display notices
at prominent locations, make regular announcements at the affected beach and disseminate information by press
release to alert the general public or swimmers when red tide occurs at the beach. LCSD will also collect water
samples and send them to AFCD for analysis, and continue to closely monitor the affected seawater area. Table
3 summarises the statistics of sighting reports received under the management framework during 1999-2017.
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Figure 8. Red tide/ Harmful Algal Blooms (HAB) management framework
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Chapter 1 Introduction

B—= Fs

Public communication and education

The latest situation of red tides is updated weekly through press release and the Hong Kong Red Tide Information
Network (https://www.afcd.gov.hk/english/fisheries/hkredtide/redtide.html). To enhance public awareness of red
tides, leaflets about red tides/HABs, their possible impacts on cultured fish, implication on seafood safety and
beach goers are produced for distribution to the public and mariculturists or can be downloaded from the AFCD's
webpage or the Hong Kong Red Tide Information Network.

AFCD has also published a bilingual booklet entitled "Harmful Marine Microalgae in Hong Kong". This
publication is the second edition that aims at updating information and providing simple identification guides for
toxic and potentially toxic marine microalgae found in Hong Kong waters.

A EIRTNES =i

HE B G A A HEAL A A 4% (4L« https://www.afed.gov.hk/tc_chi/fisheries/hkredtide/redtide. html) 2§ ik
T JR AL W R e B T IR > AR A BRAT I B AR 2 B 0 o 29 I 283 o S8 AL 3 W sk > A5 B 7R
GAFALE /T i e B 2 0 fO ~ WA R R 2 B UKk & 5% B R S 7 > DA 40 28 0
T o A G A T A WAL GRAT AR Rk o

WGBTS AR 7 — A% 5y (& A TR SRS o Ja 58 RE It 5 A SR R - S pe
& 451 DA T WK 3o F AW e T P

Phytoplankton monitoring programme

AFCD has implemented a long term phytoplankton monitoring programme to detect the presence of toxic algae
or development of harmful red tides in order to minimise the impact of red tides/ HABs on mariculture industries.
AFCD conducts sampling weekly at 6 core fish culture zones, fortnightly at another 5 fish culture zones and 5
offshore stations, and once every 3 months from the remaining 15 fish culture zones to monitor the presence of
harmful algae and development of red tides. Sampling frequency will be increased when harmful algal species or
abnormally high phytoplankton population are detected. AFCD will alert the nearby marine fish farmers when a
red tide is detected. Figure 9 shows the sampling stations of the phytoplankton monitoring programme.

Seawater samples are collected using a 500 ml water sampler and a small 20 xm mesh size conical nylon plankton
net (Figures 10-11). The phytoplankton community including the potentially harmful algal species and the red
tides causative species in the collected samples are scanned and identified under a light microscope (Figure
12), the most common tool for phytoplankton identification. AFCD examined more than 4,000 phytoplankton
samples in 2017, and detected a total of 222 phytoplankton species . Of these, 121 species (55%) are diatoms and
74 species (33%) are dinoflagellates while 27 species (12%) belong to other phytoplankton group.

Currently, the most effective way to acquire the desirable information both for monitoring of potential algal
bloom or during the bloom is identification and enumeration of the phytoplankton. As the movement of living
cells would disturb the counting procedure, the samples are preserved or fixed by fixative (Imamura-Fukuyo, IF
Staining Solution) that provides better preservation for both dinoflagellates and diatoms. In addition, this fixative
can stain cells and flagella and the preserved samples allow genetic analysis.

Sometimes, staining the thecal plates of armoured dinoflagellates allows detailed examination of the plate
structure by an epifluoresence microscope. A special stain, named CalcoFluor White, is used to stain the thecal
plates and therefore the pore-pattern, plate arrangement or reticulation can be visualised under an epifluorescence
microscope (Figure 13).

Figures 14-16 show several pictures of red tides.
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Figure 9. The location of sampling stations of the phytoplankton monitoring programme.
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Fig10. Collecting phytoplankton samples using a plankton net Fig 11. Collecting seawater sample using a sampler

W10, DAVl A4 Vo A e S v i i b A Bl 11, DAHUKER G AR IR AR A
Fig 12. Fixed phytoplankton samples under a light Fig 13. CalcoFluor White stained samples under an
microscope epifluorescence microscope.
12, SeERBAREE T DAL A I W e e bR A 13, SEeHApEE T PLogehd Fl(CalcoFluor
White) He A
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Fig 14. A red tide caused by
Polykrikos geminatum.
14, BEH %o FRALE

Fig 15. A red tide caused by
Noctiluca scintillans

El15. &GS MALE

Fig 16. A red tide caused by
Prorocentrum micans
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Chapter 2 Diatoms
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Morphology

Diatoms (Bacilbriophyceae) are unicellular, eukaryotic organisms with yellow-brown chloroplast(s) and siliceous
cell walls. The vast majority is photosynthetic and only less than ten species are obligatory heterotrophic. The
cells may be solitary or colonial, and they are widely found in marine, fresh water habitats and even in soil. They
can be planktonic or benthic. Diatom is commonly between 20 and 200 wm in diameter or length. The cell walls
are composed of amorphous silica called frustules that consist of two valves fitted together by a cingulum. The
taxonomy of diatom is often based on the shape and characteristics of the siliceous frustule.

Diatoms are traditionally divided into two groups based on valve symmetry: (1) the centric diatoms whose
frustules are arranged basically in relation to a central point, an annule or a central areola and tend to appear
radially symmetry, e.g. Coscinodiscus species; and (2) pennate diatoms whose frustules are more elongated and
tend to appear bilaterally symmetry, e.g. Pseudo-nitzschia species.

When viewed under the light microscope, the silica shell can be presented in two ways. When the epivalve or
hypovalve is the uppermost, the frustule is presented in "valve view"; on the contrary the frustules is in "girdle
view" if the girdle bands are the uppermost. Figure 17 illustrates the morphology of diatoms.
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Figure17. Morphology of centric and pennate diatoms (Source: Hasle and Syvertsen 1997)
17 [ELOREEERTPRIAEEE I8 (635 : Hasle and Syvertsen 1997)
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Cerataulina pelagica

HHE AT B

(Cleve) Hendey, 1937

Phylum: Ochrophyta M : S
Class: Bacillariophyceae 2 c TR
Order: Hemiaulales H : EE&H
Family: Hemiaulaceae B RE R

Synonyms ¥4, :

€

L

Tomas et al., 1997

Zygoceros pelagica Cleve 1889, Zygoceros pelagicum Cleve 1889, Cerataulus bergonii Peragallo 1892 and
Cerataulina bergonii (Peragallo) Schiitt 1896

Description:

The cell of Cerataulina pelagica is cylindrical and it mostly occurs in chain form straightly or slightly twisted in
girdle view. The cell size ranges from 7 = 56 wm in diameter. The valves are circular and have 2 prominent wings
extending in the opposite direction. Each cell contains numerous disc-shaped chloroplasts.

il

HPE A R A R e PR e B 2 (BT > K 25 7+ JE g L S A LR R IR > AR B S T TT7 -
SOTK o e EIHIE » BigEIEA2ASE R o MINH RKEEIRIERRT

Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5411 K B

Year/5{5

No. of occurrence/5| 3§ K i

1992

1

Species of codomination/3k ] 5| %5 i fii

1998

1

2017

1

Total/Z8 5
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Cerataulina pelagica. Figure 1: Cylindrical cell with many small disc-shaped chloroplasts.

Figure 2: Cells twisted about the central axis of the chain. Figure 3: 2 short inconspicuous wing-
like elevations on each valve (arrow); phase contrast photo. Figure 4. Red tide sample.

PR EE o a1 - AR EEEE > A OREMINVEDIR S5k o Bal2 < A0 DA Ol e 1T
PR RGOIR © B3 < OB A2 A WISAZEE BL(FTUL); ALy o 4 - ALEIREAS o
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Ceratoneis closterium

IV ELAEE:

Ehrenberg, 1839 a f
|

Phylum: Ochrophyta " : w e B

Class: Bacillariophyceae A c TR

Order: Fragilariales H : Wetr&H

Family: Fragilariaceae B« WA ERE

Tomas et al., 1997

Synonyms ¥£ 4 :

Nitzschia closterium (Ehrenberg) Smith 1853, Nitzschiella closterium (Ehrenberg) Rabenhorst 1864, Nitzschia
longissima var. closterium (Ehrenberg) Van Heurck 1885, Nitzschia curvirostris var. closterium (Ehrenberg)
De Toni 1892, Nitzschiella longissima var. closterium (Ehrenberg) Peragallo & Peragallo 1897-98, Nitzschia
curvirostris var. delicatissima Lemmermann 1898, Homoeocladia closterium (Ehrenberg) Kuntze 1898,
Nitzschiella tenuirostris Mereschkowsky 1901 and Cylindrotheca closterium (Ehrenberg) Reimann & Lewin
1964

Description:

The cell of Ceratoneis closterium is spindle shaped with enlarged central part and long, straight or curved tapering
ends. It is solitary and yellowish brown in colour. The cell size ranges from 12 - 400 um in apical axis and 1.5
- 8 um in transapical axis. In the central region of the cell, a large central interspace is present. It also contains 1
nucleus and 2 chloroplasts. The raphe, longitudinal slit along the axis or around the valve margin, is transversed

by a series of fibulae. The number of fibulae in 10 wm are 12 - 25. Girdle bands are narrow and numerous.

ik

T A e 5 A TR o P SR A R o T i A e it 0 R L (GRT BEE R o T H IR K %6 DLEL
— AN B > R o A4 R 2512 - 400 f8K > YITE T 251.5 - 8 T8k o Aiifrh el
— R ek o A | EANNREE I, 2 FREERRIT o S48 2 A Al BB M N — At R 2h 4 » fEiS4E N
RS — R R E B o FE10TCRIN B B6 H 2512 - 25 o 5 B MAEERTE ©

Occurrence of bloom(s) in Hong Kong /15 75 i 5| $$ 4L 1X 8L

Year/4E453 No. of occurrence/5 | %5 K ¥ Species of codomination/4k [ £ %8 fi i
2004 1 Prorocentrum cordatum /0> JE JF H
Total/#8% : 1
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Ceratoneis closterium. Figures 1-6: Various sizes of spindle shaped cells with enlarged central
part and long, straight or curved tapering ends. Figure 7: Acid cleaned frustule, valve with
visible fibulae (arrow). Figure 8: Middle part of the valve showing large central interspace
(arrow head) and fibulae (arrows); phase contrast photo.

BRI o 18016 < AT /IO SEIRANNE » STl 2 B » WS4 R L G 25
T o 7 : ASRUE AN » e ol SRR ETSS CRTL) o IS : BT Th 9L 43 o SR Al
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Chaetoceros curvisetus

JEsH 6 B

Cleve, 1889
Phylum: Ochrophyta M : s
Class: Bacillariophyceae 3 c TR

Order: Chaetocerotales H: mE%H

Family: Chaetocerotaceae B ABER

Tomas et al., 1997

Description:

The cell of Chaetoceros curvisetus is rectangular and it mostly occurs in long chain and spirally curved form
in girdle view. The apical axis of cell ranges from 7 - 30 wm. The valve surface is concave. The foramina are
wide and elliptical. The intercalary and terminal setae are similar and they are long, thin with short basal part.
The setae are circular in cross-section and they cross over at cell margin and curve or bend to the same direction,
almost perpendicularly to the chain axis. The resting spores are spiny with broad convex primary valve and flat
secondary valve. Each cell contains 1 chloroplast.

ik

8 5% B B o e B AT T R AN N 25 R 0 R 26 o HR R R BHIR K 2 0 E A IR o AN R A T
7 = 306K o BEIMIR o Al 2 IR K » 2EMEEDE o WATBEEATHL » 2hE ~ FEk - M5
REIBGR » RS A > B — g5 W 0 724 % B i Sl B o ARk A S A R -
W1 A3 CE R S8 T R AR5 S S o T A3y A 1 FREEAR I o

Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/4E-53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ #§ i Fif
1991 1 -
1998 1 Noctiluca scintillans & Y635
2003 1 Skeletonema costatum )& {685
Total/Z8%Y : 3
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Chaetoceros curvisetus. Figure 1: Many cells connected to make a spiral colony, narrow girdle
view. Figure 2: Narrow girdle view showing the setae radiating outside. Figures 3-5: Chained
cells in board girdle view, solitary chloroplast. Figure 6: Valve view; phase contrast photo.
Figure 7: Intercalary seta; phase contrast photo.

JiESHE A Bt o Bl - 2 A AR Hp A R E R T > AR SR o B2« AR v B R
JECERS P A A £ o D 3-5 - Gl 3 5 i B A0 I e 2 IR > A B — R Ak o
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Chaetoceros pseudocurvisetus

e £ B3

Mangin, 1910

Phylum: Ochrophyta M : e
Class: Bacillariophyceae i« TR
Order: Chaetocerotales H: AmEH%H

Family: Chaetocerotaceae B ABER
Tomas et al., 1997

Description:

The cell of Chaetoceros pseudocurvisetus is rectangular and it mostly occurs in long and curved chain form in
girdle view. The apical axis of cell ranges from 12 - 50 wm. The valve is broadly elliptical. The main foramen
is widely elliptical with 2 small round foramina. The setae are similar, long thin with short basal part and are
circular in cross-section. The intercalary setae cross over from the cell margin, bent curving round the chain axis
while terminal setae are bent to align with the chain axis straightly. The valves of resting spores are convex with
sheath and smooth. Each cell contains 1 chloroplast.

fii ik

Ve BT B » EE A BN BRI » RS & iR E i R B > A A R v T+ 12 - S0k o
s 11 5 ke MG 1B o AN BRoR » M6 IEIE B 2R A0 /N B (A T B o A BAHHAY » 2R ~ 25
B~ RIEMER o PG AR AR 2 AR AT R R 5 AN S o i e A T T
1) B 2 e S R LA o IR kA58 I S T S o TR AN A 1 EEAR R o

Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/4E-53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ #§ i Fif
1996 1 -
2002 1
Total/ 488 : 2
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Chaetoceros pseudocurvisetus. Figure 1: Many cells connected to make a spiral colony, board
girdle view. Figure 2: Narrow girdle view showing the setae radiating outside. Figures 3-4:
Chained cells in board girdle view, solitary chloroplast. Figure 5: Valve view; phase contrast
photo. Figure 6: Intercalary seta; phase contrast photo. Figure 7: Resting spores.

WA BT o T - RN R IR BEIR TG - RS IR B o B2 « 225 R i BN /A
B VEMH o 3-4 « RR3ER i BURUR A Hp R R > P B — S AR o RIS - 5%
ETBLAH R IO o BEl6 « NABRTHINLZZ KDY o 67 - fRikfT -

45



Chapter 2 Diatoms

-_— =
—E fERE

Chaetoceros salsugineum

ZEET

Takano, 1983

Phylum: Ochrophyta M : e
Class: Bacillariophyceae i« TR
Order: Chaetocerotales H: mExH

Family: Chaetocerotaceae B EEs
Takano, 1983

Description:

The cell of Chaetoceros salsugineum* is rectangular in girdle view and it may occur in solitary or in chain form.
The apical axis of cell ranges from 3.5 - 6 wm. The valve is broadly elliptical to circular. The foramina are
narrow. The setae are long and thin with short basal part and are circular in cross-section. The setae cross over
at the cell margin. Intercalary and terminal setae are divergent to the chain axis. Each cell contains 1 chloroplast.

il

e BRI > AR AN R > DA i SR e SR TR B > A A 3% e A 3.5 - 6f
K o 3%V RE 2SR sRIENE > AR o MBI E ~ ZE ~ REIEBOK > R A EE R X A4
> AT B 78 25 BRH S g AN S o FERIZMAR YA 1 FREEARES o

Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/4E-53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ #§ i i
1

2001 -
Skeletonema costatum W) 6

2010
2011
2017

Total/Z&8Y : 6

N ===

*  Previously, the specimen found in Hong Kong was named as Chaetoceros sp. 0105. Later based on the study findings and the morphology description,
the specimen from Hong Kong resembled the species presented as Chaetoceros salsugineum by Takano (1983) and therefore it was renamed to
Chaetoceros salsugineum.

* DAWI L 7 HE R T 1 AU BR AR B i 44 2 A B R 0105 o AR RIS WEJE RSN B I TR ER AV 4T > B BITFBRYBR R Bl Takano (1983) Jit
i 228 1) 8 B AARL > IR I o o R o 4 S B o
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Chaetoceros salsugineum. Figures 1-3: Cells in chain form (frequently 3-10 cells). Figures 4-6:
Solitary cells with 1 chloroplast; thin and curved setae . Figure 7: Phase contrast photo. Figures
8-9: Valve and girdle view showing the tiny process at the centre of valve face (arrows).
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Chaetoceros socialis

T

Lauder, 1864

Phylum: Ochrophyta M : e
Class: Bacillariophyceae i« TR
Order: Chaetocerotales H: mExH

Family: Chaetocerotaceae B mBER
Tomas et al., 1997

Synonyms ¥4, :
Chaetoceros radians Schiitt 1895, Chaetoceros socialis f vernalis Proshkina-Lavrenko 1953, Chaetoceros socialis f. radians
(Schiitt) Proshkina-Lavrenko 1963 and Chaetoceros socialis var. radians (Schiitt) Tsarenko 2009

Description:

The cell of Chaetoceros socialis is rectangular in girdle view and occurs in chain form. The cells are mostly
united in a colony and joined by long setae. The apical axis of cell ranges from 5 - 15 wm. The valve is flat and
elliptical. It has 1 long seta and 3 short setae. They are thin with short basal part and circular in cross-section,
cross over outside the cell margin. 3 short setae are directed towards one side of the chain and the long seta is
directed to the opposite side. The resting spores of primary and secondary valves are convex. The primary valve
bears spines in the central part while the secondary valve is smooth. Each cell contains 1 chloroplast.

ik

e BRI > BAEATERMEEEIE > % B pHUR o B0 S T AH B &S SR BT o AN A i
BRATTS5 - 151K o - » 2MEEIE o MG | BRMAER 3 HEMAT > FEhERE -~ B8
[EEIR > A AR 3 2 LA Y o 3 A BN i i > S g A i Bl 1 — %2 > i R A B HIE )
AN T SRl P 55— 98 o IR Lk AT 190 A2 538 B R AR 5 i 58 » 90 A 53 i v A o] > T R AR 5t i HUl
2 o AN A | FaEE AR o

Occurrence of bloom(s) in Hong Kong /¢ 75 i 5| 84101 K 8 -

Year/H:A0 No. of occurrence/5| %5 K ¥ Species of codomination/2& [|] 5 % iy i
2001 1 -
2004 1
2011 1
Total/Z&84 : 3
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Chaetoceros socialis. Figures 1-2: Cells united in short chains and form a spherical colony
embedded in mucus. Figure 3: Chained cells in board girdle view showing rectangular in shape;
hexagonal foramina; solitary chloroplast. Figure 4: Cell in valve view showing 3 short setae are
directed towards one side and the long seta is directed to the opposite side; phase contrast
photo.
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Chaetoceros tenuissimiis

A6 B

Meunier, 1913

Phylum: Ochrophyta M : e
Class: Bacillariophyceae i« TR
Order: Chaetocerotales H: mExH

Family: Chaetocerotaceae B mBER
Tomas et al., 1997

Synonyms ¥£ 4 :
Chaetoceros simplex var calcitrans Paulsen 1905

Description:

The cell of Chaetoceros tenuissimus is small and is square shaped in girdle view. The cell often occurs solitarily
and sometimes in pairs. The apical axis of cell ranges 3 - 5 um. The setae are straight and thin with short basal
part and are circular in cross-section. The setae cross over at the cell margin and diverge at an angle of 45 degree
to the apical axis. Each cell contains 1 chloroplast.

fiii i
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Occurrence of bloom(s) in Hong Kong /£ 7 s 5| 841X 3

Year/4E- 53 No. of occurrence/5 | #§ % 3 Species of codomination/3t: [vl 5[ 3§ i il

Skeletonema costatum VPl 63 ~
Thalassiosira pseudonana i 75 e S

Total/Z28 : 1

2001 1
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Chaetoceros tenuissimus. Figure 1: Cell in girdle view showing square in shape; solitary
chloroplast; setae are straight and thin with short basal part and diverge at an angle of 45 degree
to the apical axis. Figure 2: Cell undergoes division. Figures 3-4: Various cells in girdle view;
phase contrast photo.
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Conticribra weisstlogii

(Grunow) Stachura-Suchoples & Williams, 2009

Phylum: Ochrophyta "] : WMEE
Class: Bacillariophyceae I A
Order: Thalassiosirales H : i H

Family: Thalassiosiraceae Bt iERER

Lietal, 2013

Synonyms ¥4, :

Micropodiscus weissflogii Grunow 1882, Eupodiscus weisstlogii Grunow 1882-1885, Micropodiscus weissflogii
Grunow 1885, Eupodiscus weissflogii (Grunow) De Toni 1894, Dimorphococcus fritschii Crow 1923,
Thalassiosira fluviatilis Hustedt 1926, Coscinodiscus tluviatilis (Hustedt) Cleve-Euler 1951 and Thalassiosira
weisstlogii (Grunow) Fryxell & Hasel 1977

Description:

The cell of Conticribra weisstlogii is round and flattened with short mantles in valve view. The areolae arrange in
radial pattern. It occurs solitarily, or in loose chains joined by threads or valve to valve attachment. The cell size
ranges from 5 - 55 um in diameter. The valve bears a ring of marginal fultoportula with small external tubes, a
single rimoportula replaces a marginal fultoportula and several central fultoportulae making a circular or irregular
group near the valve centre. Smaller cells have a smaller number of central fultoportulae. This diatom is living in
fresh and brackish waters in tropical and temperate estuaries.
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Occurrence of bloom(s) in Hong Kong /£ 75 i 5| 541100 R B -

Year/sE453 No. of occurrence/5| #§ K Species of codomination/2E [ 5[ #§ i fi
2002 1 -
2005 1
Total/Z&84 : 2
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Conticribra weissflogii. Figures 1-2: Cell in valve view showing round shape and containing
yellow-green chloroplasts. Figure 3: Cells in girdle view showing short cylindrical shape and the
height is a little shorter than the diameter. Figure 4: Cells connected by mucilaginous thread to form
a loose chain. Figures 5-6: Various cells in valve view showing 1 marginal rimoportula (arrow), a
ring of marginal fultoportula with small external tubes (narrow arrow head) and 4-5 central
fultoportulae (broad arrow head).
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Cyclotella choctawhatcheeana

INER B

Prasad, 1990

Phylum: Ochrophyta "] : Wl B
Class: Bacillariophyceae A - SR
Order: Thalassiosirales H : i H

Family: Stephanodiscaceae  F} : i #
Proshkina- Lavrenko, 1955

Synonyms ¥£ 4 :
Cyclotella caspia Grunow 1878 and Cyclotella hakanssoniae Wendker 1991

Description:

The cell of Cyclotella choctawhatcheeana is disc-shaped in valve view and wave drum-shaped in girdle view.
It usually occurs solitarily but also in linear chain form held together by mucilage. The margin zone of valve
consists of 20 - 26 striae in 10 wm with equal length, radiating inward toward the centre. The marginal striae
extend to the mantle edge. The diameter of cell ranges from 3.5 = 22 um. The central area of cell is tangentially
undulated. The valve bears a ring of marginal fultoportulae without external tubes, 2 central fultoportulae and 1
marginal rimoportula. The cell contains several disc-shaped chloroplasts.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| $$ 4L 181X B

Year/4E45} No. of occurrence/5| #§ K Species of codomination/2E [i] 5| %5 i i
1988 1 -
2003 1 Thalassiosira pseudonana I 1575 1 Sl 35
Total/Z&84 : 2

54



J X18.000

Cyclotella choctawhatcheeana. Figure 1: Cell in valve view showing disc-shaped and
tangentially undulate in valve centre; scanning electron micrograph. Figure 2: Cell contains
several disc-shaped chloroplasts. Figures 3-5: Cells in girdle view showing wave drum-shape.
Figures 6-8: The valve bears a ring of marginal fultoportula (arrows) and 2 central fultoportulae
(arrow head).
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Dactyliosolen fragilissimus

R E s

(Bergon) Hasle, 1996

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Rhizosoleniales H : §RiEH

Family: Rhizosoleniaceae B BREHR
Tomas et al., 1997

Synonyms ¥4, :
Rhizosolenia fragilissima Bergon 1903

Description:

The cell of Dactyliosolen fragilissimus is cylindrical and the cells mostly occur in straight chain form in girdle
view. The cell size ranges from 3 - 70 wm in diameter. The valve ends are round and connected by a short central
spine that fits into a depression on the adjacent cell. Each cell contains numerous small plates-like chloroplasts
and 1 nucleus near the cell wall. The cell is yellowish brown in colour with numerous girdle half bands .
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Occurrence of bloom(s) in Hong Kong /¢ 75 i 5| 84101 K 8 -

Year/H:A0 No. of occurrence/5| %5 K ¥ Species of codomination/2& [|] 5[ % iy i

1 -

1988 - .
1 Leptocylindrus minimus /NI 35

1989 1 Leptocylindrus minimus fl/INAHAE 35
2 -

1992 ; ; N
1 Leptocylindrus danicus 28 HIAE 3

1996 2

Total/#8%Y : 8
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Dactyliosolen fragilissimus. Figure 1: Cells united in chain. Figure 2: Girdle view. Figure 3:
Cell undergoes division. Figures 4-5: Cells showing cylindrical shape with round ends and
connected by a short central spine that fits into a depression on the adjacent cell. Figure 6: Acid
cleaned frustule showing numerous distinct girdle half bands (arrows). Figure 7: Numerous
small plate-like chloroplasts distributed along the cell wall.
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Dactyliosolen phuketensis

T3

(Sundstrom) Hasle, 1996

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Rhizosoleniales H : 8 H

Family: Rhizosoleniaceae B BEEER
Tomas et al., 1997

SYNOMYMS ¥4 :
Rhizosolenia phuketensis Sundstrom 1980

DESCRIPTION:

The cell of Dactyliosolen phuketensis is cylindrical and the cells mostly occur in curved or spiraling chain form
in girdle view. The cell size ranges from 4.5 - 54 um in diameter. Each cell contains numerous girdle bands.
The external process tube is short and fits into a depression in the adjacent cell to form a chain. Each cell contains
numerous small granule-like chloroplasts and 1 nucleus near cell wall. The cell is yellowish brown in colour.
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Occurrence of bloom(s) in Hong Kong/ {¢ 75 il 5| 54101 K 8 -

Year/H:A0 No. of occurrence/5| %5 K ¥ Species of codomination/2& [|] 5[ % iy i
Eucampia zodiacus 1815 fa 5 ~
Guinardia delicatula 259 5% P9 i 5

2014 1

Total/Z&8 : 1
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Dactyliosolen phuketensis. Figure 1: Curved cells united in a curved chain; cells in cylindrical
shape with flat or slightly convex ends and connected by a short external spine that fits into a
depression on the adjacent cell. Figure 2: Short external spine (arrow head) arising from the
valve margin. Figure 3: Numerous distinct girdle half bands (arrows) and numerous small plate-
like chloroplasts.
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Diadesmis sp.

5 =
Kiitzing, 1844
Phylum: Ochrophyta M IS
Class: Bacillariophyceae R R
Order: Naviculales H : ME&EH
Family: Diadesmidaceae B FRER

University of Colorado Boulder

Description:

The cell of Diadesmis sp.* is small and it is mostly solitary or forms band-like colonies connected by their valve
faces. The cell size ranges from 7 - 11 wm in apical axis. The valves are linear to lanceolate with bluntly round
ends. The striae are composed of areolae elongated in the transapical direction. The raphe is present in the central
part of the cell in valve view.

ik
SR A LA /DN 0 K 2 DL R (] 6 HE 5l DA% R B 5 v e A AR A 0 A MR A o % R A T
7= 113K o 3% 2RI S EHE » B AR uwmBlE o BAGE /N LRl 5 HEF ik o 588 A0 %

[Tk 873 VA=A
Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B
Year/4E-53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ #§ i i
2004 1 -
Total/&884 : 1

*  Previously, the specimen found in Hong Kong was named as Navicula sp. Later based on the study findings and the morphology description, the
specimen from Hong Kong resembled the species presented as Diadesmis sp. by Kiitzing (1844) and therefore it was renamed to Diadesmis sp.

* DRI AE 7 ISR T A5 IR AN B i 4 2 RHT RS o 1R SRR WIE T2 1465 SR BB R ER I B A8 - FE B W IR AR Bl KGiitzing (1844) Jift i 7kt 1y
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Diadesmis sp. Figure 1: Live cells in valve view. Figure 2: Phase contrast photo. Figures 3-4:
Various live cells in valve view. Figures 5-6: Various live cells in girdle view. Figures 7-8: Acid

cleaned cells in valve view; phase contrast photo. Figures 9-10: Acid cleaned cells in girdle
view; phase contrast photo.
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FEucampia zodiacus

o2 hh o

I

Ehrenberg, 1839

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Hemiaulales H : FEEH

Family: Hemiaulaceae Bl : k&N L
Tomas et al., 1997

Synonyms ¥4, :
Eucampia britannica Smith 1853 and Eucampia nodosa Schmidt 1888

Description:

The cell of Eucampia zodiacus is flat and in trapezoid shape in girdle view. The valve face is concave with a
small single depression located at the valve centre. The cell mostly occurs in helical chain form connected by
two blunt processes with the adjacent cell. The aperture between adjacent cells is narrow and elliptical. The cell
size ranges from 18 - 80 um in apical axis. The cell contains numerous small elliptical chloroplasts and it is
yellowish brown in colour.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/5E45 No. of occurrence/5 | F§ % ¥ Species of codomination/3 [l 5| #§ i i
1995 1 -
2002 1 -
o014 | Guinardia delicatula ZE595% i ~
Dactyliosolen phuketensis ¥575 ¥
Total/Z8%Y : 3
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Eucampia zodiacus. Figures 1-2: Many cells connected to make a helical chain. Figures 3-4:
Yellowish brown cell containing numerous small elliptical chloroplasts.
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Guinardia delicatula

55 75 P i

(Cleve) Hasle, 1997

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Rhizosoleniales H : 8ikeEEH

Family: Rhizosoleniaceae B HEERE

Cupp, 1943
Synonyms ¥£4; :
Rhizosolenia delicatula Cleve 1900

Description:

The cell of Guinardia delicatula is cylindrical with indistinct girdle bands. It mostly occurs in straight or slightly
curved chain form without aperature between adjacent cells. The cell size ranges from 9 - 22 um in diameter.
The valve ends are flat and round and connected by a spine arising from the valve margin that fits into a depression
on the adjacent cell. Each cell contains 2 - 8 large chloroplasts and they are usually present at the cell periphery.
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Occurrence of bloom(s) in Hong Kong /¢ 75 i 5| 84101 K 8 -

Year/H:A0 No. of occurrence/5| %5 K ¥ Species of codomination/2& [|] 5[ % iy i
1984 1 Noctiluca scintillans & 65
2014 . Eucampia zodiacus 15855 3 ~
Dactyliosolen phuketensis $575

Total/Z&8Y : 2
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Guinardia delicatula. Figures 1-4: Cells are cylindrical, longer than their width, solitary or united in
chains, valve ends are flat and connected by a spine (arrows) arising from the valve margin.
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Guinardia striata

AL 7% N it

(Stolterfoth) Hasle, 1996

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Rhizosoleniales H : #REH

Family: Rhizosoleniaceae B BEHR
Tomas et al., 1997

Synonyms ¥4, :
Eucampia striata Stolterfoth 1879, Rhizosolenia stolterfothii Peragallo 1888 and Pyxilla stephanos Hensen 1974

Description:

The cell of Guinardia striata is cylindrical with girdle bands. It occurs in long curved chain form and sometimes
it may be in spiral shape without aperture between adjacent cells. The cell size ranges from 3 - 90 um in
diameter. The valve ends are flat and slightly round at the edges and they are connected by a stout spine arising
from the valve margin that fits into a depression on the adjacent cell. Each cell contains numerous small elliptic
chloroplasts and they are usually present at the cell periphery.
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Occurrence of bloom(s) in Hong Kong /15 75 i 5| $$ 4L 1X 8L

Year/4E-53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ #§ i i
Leptocylindrus minimus f§l/INHAEEE ~
Thalassiosira sp. HE55:

1991 1

Total/Z&8 : 1
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Guinardia striata. Figures 1-2: Cells are cylindrical, longer than their width, solitary or united in
curved chains, valve ends are flat and slightly round at the edges and connected by a stout spine
(arrow) arising from the valve margin, Figure 3: Cells united at spiralling chains. Figure 4:

Numerous small elliptic chloroplasts at the cell periphery.
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Leptocylindrus danicus

PR AL 3

Cleve, 1889

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Leptocylindrales H : A5 H

Family: Leptocylindraceae B« AAER

Description:

Tomas et al., 1997

The cell of Leptocylindrus danicus is cylindrical and occurs in chain form connected by valve faces. The cell size
ranges from 5 - 16 um in diameter. One end of the valve is slightly convex and the adjacent valve end is slightly
concave. The valve margin bears indistinct short spines between the valve face and the mantle. Each cell contains
numerous small round plate-like chloroplasts.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/5E{5

No. of occurrence/5| 3§ K 8

Species of codomination/3k ] 5| %5 i, i

1986

1

Teleaulax acuta )6 4

1989

1992

Dactyliosolen fragilissimus Wfafa4s 5%

2001

1
1
1

Total/Z&8Y -
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Leptocylindrus danicus. Figures 1-3: Same cells in girdle view in different focus showing cells
united in chain, valve face slightly convex or concave, numerous small round plate-like
chloroplasts.
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Leptocylindrus minimus 3
V< U=
B AIRE S 5
Gran, 1915 o
Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR i
Order: Leptocylindrales H : A5 H
Family: Leptocylindraceae B« AAER U

Tomas et al., 1997
Description:

The cell of Leptocylindrus minimus is long, narrow, and cylindrical. It occurs in chain form straight or gently
undulating chains connected by valve faces. The cell size ranges from 1.5 - 4.5 um in diameter. The valve
face is flat without spines. Each cell contains 1 or 2 elongated chloroplasts centrally and it is yellowish brown in
colour.
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T/ INAIAE: e A M 2 R (B TR > K 26 0 D% 1o L e, 2535 1y R 2 ol L 68 B8 R T BHIR TR e o 2 i
HEETT1.5 = 456K o i A/ o A8 A0 b ey G U BRI vt (I BE Ak o

Occurrence of bloom(s) in Hong Kong /£ 7 s 5| 541X 3

Year/4E {5 No. of occurrence/5 | % K 8 Species of codomination/3t [l 5| #%§ i i
1984 1 Noctiluca scintillans ¢ Y635
| Pseudo-nitzschia pseudodelicatissima
R
1988 1 Chaetoceros sp. fiBTH:
1 Dactyliosolen fragilissimus i H& 45 ¥
1989 1 Dactyliosolen fragilissimus Jfifg &%
| Guinardia striata % N EE ~
1991 Thalassiosira sp. Wi
1 -
199 . Skeletonema costatum EPWJ‘ = ﬁﬁ >
Thalassiosira mala ")} if i 3
1996 1 -
1998 ' Skeletonema costatum Gl ‘Eﬁ%f% >
Thalassiosira sp. W
Total/448% : 10
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Leptocylindrus minimus. Figure 1: Cells are united in chain, phase contrast photo. Figures 2-4:
Chain cells in girdle view showing long, narrow and cylindrical shape; flat valve face; 2
elongated chloroplasts located centrally.
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Nitzschia incerta
Z

(Grunow) Peragallo, 1903

Phylum: Ochrophyta M - W
Class: Bacillariophyceae i c TR

Order: Bacillariales H : fis#tH
Family: Bacillariaceae B fsssEeR

Proshkina-Lavrenko A.l., 1955

Synonyms ¥£4; :
Nitzschia reversa Smith 1853 and Nitzschia lorenziana var. incerta Grunow 1995

Description:

The cell of Nitzschia incerta* is in spindle shape with enlarged central part and sharply tapering ends. The ends
deflect in opposite directions and display in S-shape in girdle view. It mostly occurs solitarily. The apical and
transapical axis are 70 - 200 wm and 4 - 8 wm respectively. The number of fibulae is 10 - 12 in 10 wm. The
cell contains 1 nucleus and 2 chloroplasts in the central region of the cell.

il

ZIE AN 24T 8RR > IR B R o W i o A R SR AN R A5 o W A B el A e U el DA BR 1
2SI o K% DIH RS BT o 48l 270 - 200080K » i PITE il 254 - 87K o RE10MCKR M & B3 H
2510 = 12 o AN e Yo i EA VE AN MR K 2 JEBE ARG o

Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/AE {3} No. of occurrence/B | #§ 8 Species of codomination/3 [l 5| #§ i i
1988 1 Tripos furca X f 3
199 | Leptocylindrus sp. #IFE#: ~
Pseudo-nitzschia sp. JEZE T3

Total/Z&8 : 2

* Previously, the specimen found in Hong Kong was named as Nitzschia longissima. Later based on the study findings and the morphology description,
the specimen from Hong Kong resembled the species presented as Nitzschia incerta by Peragallo (1903) and therefore it was renamed to Nitzschia
incerta.

* DU T 8 BCHE P A I RS Wl i 44 2 R BT B o TR ARMUBR T 52 (M9 40 SR B T RRER (9 10 46 » 8 B 75 e (X bl AR B Peragallo (1903) i i 7t 1
ZGBE 53 MUBL » [R5 Jt b A R iy 4 2 M58 o
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Nitzschia incerta. Figure 1: Cell in girdle view showing an S-shape, broadly in middle and

sharply tapering ends. Figure 2: Girdle view, phase contrast photo. Figure 3: Live cells from red
tide sample. Figure 4: Fixed cells.
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Pseudo-nitzschia delicatissima

F 952 6 B

(Cleve) Heiden, 1928

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Bacillariales H : sH
Family: Bacillariaceae B« BEER

Tomas et al., 1997

Synonyms ¥4, :
Homoeocladia delicatissima(Cleve) Meunier 1910, Nitzschia delicatissima Cleve 1897 and Nitzschia actydrophila
Hasle 1965

Description:

Pseudo-nitzschia delicatissima cell is elongate and symmetric, gently curved until some distance from the ends
and pointed to the rounded ends in valve view. It is slightly sigmoid and straight cut ends in girdle view. The
apical and transapical axis are 30 - 80 umand 1.0 - 2.0 um respectively. The cells overlap by 1/9 of the total
cell length. A central interspace is present. The numbers of interstriae and fibulae in 10 wm are 34 - 41 and 19
- 26 respectively. There are 2 rows of poroids and 10 - 14 poroids in 1 um.

Toxicity:
P. delicatissima is capable of producing domoic acid that causes Amnesic Shellfish Poisoning (ASP). Local cell
cultures did not find to produce domoic acid.
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Occurrence of bloom(s) in Hong Kong /£ & s 5| 541X 3

Year/4E- 53 No. of occurrence/5 | #§ % 3 Species of codomination/3: [vl 5[ 3§ i il
2012 2 -
1 -
il Prorocentrum cordatum {OJFE 5 HIF ~
1 Pseudo-nitzschia pungens SR BEZETE 3 ~
Skeletonema costatum Y I3 1565
Total/Z8% : 4
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Cultured cells of Pseudo-nitzschia delicatissima. Figure 1: Live cells in chain, girdle view,
phase contrast photo. Figure 2: Live cells in chain, valve view. Figure 3: Live single cell,
pointed ends, valve view. Figure 4. Acid cleaned frustule, valve with visible fibulae (arrows).
Figure 5: Valve, SEM. Figure 6: Tip of the valve, SEM. Figure 7: Overlapping of cells, girdle
view. Figure 8: Middle part of the valve showing large central interspace (oval). Figure 9:
Middle part of the valve, 2 rows of poroids (circle), SEM.

Figures 1-4: scale bars = 10 um. Figure 6: scale bar = 1 um. Figure 7: scale bar = 5 um. Figures
8-9: scale bar = 500 nm.
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Pseudo-nitzschia pseudodelicatissima

B %6 B

(Hasle) Hasle, 1993

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Bacillariales H : sH
Family: Bacillariaceae B« BEER

Tomas et al., 1997

Synonyms ¥4, :
Nitzschia delicatula Hasle 1965 and Nitzschia pseudodelicatissima Hasle 1976

Description:

Pseudo-nitzschia pseudodelicatissima is straight and narrow in the middle part of body until some distance from
the ends when observed in valve view. The ends are pointed in both valve and girdle view. The apical axis is 44

- 140 wm and transapical axis is 0.9 - 3.4 um respectively. Central interspace is present. The cell overlaps 1/6
of the total cell length. The numbers of interstriae and fibulae in 10 wm are 29 - 46 and 14 - 26 respectively.
The cell has 1 row of poroids with 4 - 6 poroids per wm, and the poroid hymen divides into 2 sectors.

Toxicity:
P. pseudodelicatissima is capable of producing domoic acid that causes Amnesic Shellfish Poisoning (ASP).
Local cell cultures found to produce 0.0035 pg of domoic acid per cell.
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Occurrence of bloom(s) in Hong Kong/ ¢ &5 i 5| 541K 8 -

Year/H:A0 No. of occurrence/5| %5 K ¥ Species of codomination/2& [F] 5 % iy i
1 -
1988 1 Leptocylindrus minimus fl7NAFE 35
1 Skeletonema costatum ") 55
1996 1
Total/A854 : 4
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Cultured cells of Pseudo-nitzschia pseudodelicatissima. Figure 1: Live cells in chain, valve
view. Figure 2: Live cells in chain, girdle view, phase contrast photo. Figure 3: Live cell in
valve view. Figure 4: Acid cleaned frustule, valve with visible fibulae (arrow) and central
interspace (oval). Figure 5: Valve, SEM. Figure 6: Tip of the valve, SEM. Figure 7: Middle part
of the valve showing large central interspace (oval), one row of poroids, SEM. Figure 8: High
magnification showing the hymen of poroids divides into 2 sectors(circle).

Figures 1-5: scale bars =10 um. Figure 6: scale bar =2 um. Figures 7-8: scale bar=1 um.
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Pseudo-nitzschia pungens

RN B2 3

(Grunow ex Cleve) Hasle, 1993

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Bacillariales H : i#H
Family: Bacillariaceae B - nEsEs

Tomas et al., 1997

Synonyms 5244 :
Nitzschia pungens Grunow ex Cleve 1897

Description:

Pseudo-nitzschia pungens is linear to lanceolate, symmetric along the apical axis and show pointed ends in valve
and girdle views. The recorded ranges of apical axis and transapical axis are 74 - 174 um and 1.8 - 6.5 um
respectively. The central interspace is absent. The numbers of interstriae and fibulae in 10 wm are 9 - 16 and
9 - 20 respectively. The cells overlap at about 1/4 of total cell length. The number of poroid rows is 2 and there
are 2 - 4 poroids per wm.

Toxicity:
P. pungens is capable of producing domoic acid that causes Amnesic Shellfish Poisoning (ASP). Local cell
cultures did not find to produce domoic acid.
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Occurrence of bloom(s) in Hong Kong/ ¢ &5 i 5| 541K 8 -

Year/H:A0 No. of occurrence/5| %5 K ¥ Species of codomination/2& [F] 5 % iy i
1986 1 Skeletonema costatum P {6 3
1994 1
1995 1

Prorocentrum cordatum /0> i I ~
2014 1 Pseudo-nitzschia delicatissima 55 £ 3 ~
Skeletonema costatum F I 534

2015 1
2017 1
Total/Z&8Y : 6
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Cultured cells of Pseudo-nitzschia pungens. Figure 1: Live cells in chain, valve view, phase
contrast photo. Figure 2: Live cells in chain, valve view. Figure 3: Live cells in chain, girdle view.
Figure 4: Acid cleaned frustule with visible fibulae (arrows) and interstriae (arrow head). Figure 5:
Valve, SEM. Figure 6: Overlapping of cells, girdle view. Figure 7: Middle part of the valve. Figure
8: Tip of the valve, SEM. Figure 9: Middle part of the valve showing no central interspace, SEM.
Figure 10: Middle part of the valve, two rows of poroids (circle), SEM.

Figure 1: scale bar =50 um. Figures 2-5: scale bars =20 um. Figures 6-7: scale bars =10 um. Figure

8:scalebar=2 um. Figures 9-10: scale bars =500 nm.
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Skeletonema costatum

Stk 3t

(Greville) Cleve, 1873

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Thalassiosirales H : gz H

Family: Skeletonemaceae B aiEEs
Tomas et al., 1997

Synonyms ¥4, :
Melosira costate Greville 1866

Description:

The cell of Skeletonema costatum is flat and convex in valve view. It is cyclindrical in girdle view and occurs in
long chain form. The cells are connected by numerous external tubes of marginal fultaportulae arising from the
valve margin. The cell size ranges from 2 - 21 um in diameter. 1 single rimoportula is located at the base of
the connecting process. The aperture between adjacent cells is large and mostly larger than cell length. Each cell
contains 1 - 2 chloroplasts and the nucleus is located at the centre of the cell.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

From 1975 to 2017, 67 red tide incidents caused by Skeletonema costatum were recorded in Hong Kong waters.
Refer to Appendix IV for detailed information.
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Skeletonema costatum. Figure 1: Cells united in chain and connected by numerous external tubes of
marginal fultoportulae arising from the valve margin. Figure 2: Same chained cells in different
focal planes. Figure 3: Fixed cells. Figure 4: Algal bloom cells from the field. Figure 5: Auxospore
formation. Figure 6: Epifluorescent stained cells showing 1 or 2 autofluorescing chloroplasts.
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Thalassiosira mala

v Jl i 4

Takano, 1965

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Thalassiosirales H : gz H

Family: Thalassiosiraceae B SR

Description:

Lielat., 2013

The cell of Thalassiosira mala is round and flattened. It occurs solitarily or is joined by threads or valve to valve
connections forming loose chains or in dense mucilaginous colonies. Irregular areolae arrange in radial pattern
and are composed of 2 - 16 pores. The cell size ranges from 4 - 10 wm in diameter. The valve bears a ring
of marginal fultoportula with around 10 - 30 fultoportulae. 1 rimoportula with small tube occurs between 2
marginal fultoportulae. The rimoportula is larger than fultoportula.
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Occurrence of bloom(s) in Hong Kong / {£ 75 s 5| #4111 X %

Year/5:-45 No. of occurrence/5 | % KX 8 Species of codomination/3: [vl 5[ 3§ i il
1985 1 Prorocentrum triestinum S35 )5 ¥
1986 1
1989 1
1990 1
1991 1 -

1992 ' Leptocylindrus minimus {§/NIAEEE ~
Skeletonema costatum ") i 55
1996 1 Heterocapsa circularisquama |5 548855
2004 1
Total/Z4% : 8
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Thalassiosira mala. Figures 1-2: Cells in valve view showing round in shape and each containing
yellow-green chloroplasts. Figure 3: Cell in girdle view. Figure 4: Cell undergoes division. Figures
5-6: Cells embedded in formless mucilaginous masses. Figure 7: Cells connected by threads
(narrow arrow heads). Figure 8: Same cell in different focal plane showing 1 marginal rimoportula
(arrow) and aring of marginal fultoportula (board arrow heads).
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Thalassiosira pseudonana

Hasle & Heimdal, 1970

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Thalassiosirales H : gz H

Family: Thalassiosiraceae P« BSEER
Garcia & Odebrecht, 2009

Synonyms ¥4, :
Cyclotella nana Hustedt 1957

Description:

The cell of Thalassiosira pseudonana is round and flattened in valve view. It occurs solitarily, or is connected by
valve to valve attachment forming loosely short chains or in dense mucilaginous colonies. Hexagonal areolae
arrange in radial pattern. The cell size ranges from 3.5 - 9 wm in diameter. The valve bears a ring of marginal
fultoportula around 4 - 7 fultoportulaec with small external tubes. No central fultoportula is present and 1
eccentric fultoportula occurs. 1 rimoportula occurs between 2 marginal fultoportulae.
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Occurrence of bloom(s) in Hong Kong/ 1£ 75 s 5| #4101 R 9L

Year/4E-53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ #§ i i
1989 1 -
1992 1 -
1996 1 Chaetoceros sp. B
1997 1 -
1998 1 Prorocentrum triestinum F3 5 5 F 5
B | Chaetoceros tenuissimus #li 2% fIBE ~
Skeletonema costatum Y1 6635
2003 1 Cyclotella choctawhatcheeana /)NBR v
2012 1 -
2014 1 Teleaulax acuta J3 6 2= i i
2017 1
Total/Z&84 : 10
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Thalassiosira pseudonana. Figure 1: Cell in valve view showing round shape and each containing
yellow-green chloroplasts. Figure 2: Cylindrical in shape in girdle view. Figure 3: Cell undergoes
division. Figures 4-5: Cells usually occur solitarily. Figure 6: Cells joined in dense mucilaginous
colony. Figures 7-9: Various cells in valve view showing 1 marginal rimoportula (arrows), a ring of
marginal fultoportula (narrow arrow heads) and 1 eccentric fultoportula (broad arrow heads).
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Thalassiosira tealata

Takano, 1980

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR
Order: Thalassiosirales H : gz H

Family: Thalassiosiraceae B SR

Description:

Hoppenrath et al., 2007

The cell of Thalassiosira tealata is round in valve view. It occurs solitarily or is joined by threads or valve to valve
connections forming loosely chains. Hexagonal or loculate areolae arrange in fasciculated pattern. The cell size
ranges from 6 - 10 um in diameter. The valve bears a ring of marginal fultoportula around 6 - 10 fultoportulae
with external tubes. A central and marginal fultoportulae are armoured with wings. 1 rimoportula with external
tube occurs close to one marginal fultoportula.
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Occurrence of bloom(s) in Hong Kong /£ & s 5| 541X 3

Year/5 {5

No. of occurrence/5| 5% ¥

Species of codomination/JE ] 5 %§ i i

2008

1

2010

1

2017

1

Total/Z&8 :
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Thalassiosira tealata. Figure 1: Cell in valve view showing round in shape and containing yellow-
green chloroplasts. Figure 2: Algal bloom cells from the field. Figures 3-4: Cells connected by
mucilaginous thread to make a chain of cells fairly apart from each other. Figures 5-6: Cells in girdle
view showing octagonal shape and valve centre is slightly concave. Figures 7-8: Cells in valve view
showing 1 marginal rimoportula (arrow) with external tube located closer to 1 fultoportula; a ring of
marginal fultoportula (narrow arrow head) is present on the valve margin, each fultoportula having
along external tube with 2 wings on the top ; 1 central fultoportula (broad arrow head).
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Trieres mobiliensis

2 B | )
W R
(Bailey) Ashworth & Theriot, 2013

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR

Order: Triceratiales H : R C44H)
Family: Triceratiaceae Bl : RN L4

Cupp, 1943

Synonyms ¥4, :

Zygoceros mobiliensis Bailey 1851, Biddulphia bailey Smith 1856, Biddulphia baileyi Smith 1856, Biddulphia
mobiliensis (Bailey) Grunow 1882, Denticella mobiliensis (Bailey) Grunow 1884, Odontella mobiliensis (Bailey)
Grunow 1884 and Odontella mobiliensis (Bailey) Grunow 1884

Description:

The cell of Trieres mobiliensis is oblong or roughly rectangular with long spines arising from the valve surface
in girdle view. It mostly occurs solitarily and also in short chain form linked by spines crossing each other. The
spines arising from corners of the valve are shorter than spines arising in valve centre with bluntly round tips. In
valve view, the cell is elliptical to lanceolate. The cell size ranges from 45 - 200 um in apical axis. Each cell
contains numerous small granular chloroplasts lying on the cell periphery.
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Occurrence of bloom(s) in Hong Kong /& 7 i 5| 541 i X 8

Year/4E- 53 No. of occurrence/5 | #§ % 3 Species of codomination/3: [v 5[ 3§ i il
1989 1 -
Total/#8%Y - 1
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Trieres mobiliensis. Figures 1-3: Various cells in girdle view showing an oblong or roughly
rectangular shape; numerous small granular chloroplasts lying on the cell periphery. Figure 4:
Auxospore formation.
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Trieres sinensis
e LT B N__ 4

(Greville) Ashworth & Theriot, 2013

Phylum: Ochrophyta M IS
Class: Bacillariophyceae i« TR

Order: Triceratiales H : GRE¥C44H8)
Family: Triceratiaceae Bl : RN L4

Tomas et al., 1997

Synonyms ¥4, :
Odontella sinensis Grunow 1884

Description:

The cell of Trieres sinensis is retangular or square with long spines arising from valve edges in girdle view. It
mostly occurs solitarily and also in short chain form linked by the spines crossing each other. 1 long bent spine
and 1 short blunt spine arise from the valve corners and they are nearly parallel to the cell axis. The valve face
between spines is flat or concave. In valves view, the cell is narrowing lanceolate in shape. The cell size ranges
from 90 - 325 um in apical axis. The cell contains numerous small granular chloroplasts lying on the cell

periphery.
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Occurrence of bloom(s) in Hong Kong /¢ 75 i 5| 84101 K 8 -

Year/H:-A No. of occurrence/5 | %5 K ¥ Species of codomination/2& [F] 5 % i i
1992 1 Noctiluca scintillans & 65
Total/Z&84 : 1
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Red Tide Species in Hong Kong

Trieres sinensis. Figures 1-3: Various cells in girdle view showing a square or rectangular shape;
numerous small granular chloroplasts lying on the cell periphery. Figure 4: Cell undergoes
division.
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Chapter 3 Dinoflagellates

FE== B

Morphology

Dinoflagellates (Dinophyceae) are a group of microscopic, unicellular organisms that can swim freely by means
of two flagella. The ribbon-like transverse flagellum lies in a groove-like structure around the equator of the
organism, providing forward and rotational motion, while the longitudinal flagellum trails behind providing little
propulsive force and mainly serving as a rudder. Conventionally, the side of the cell from which the flagella
originate is named the ventral side. Dinoflagellates are basically round in shape and some species are chain-
forming occasionally. Their size range is commonly between 5 - 2,000 L m in length or diameter. The vast
majority of dinoflagellates species are marine, pelagic or benthic but some live in freshwater lakes, rivers and
swamps/marshes.

Dinoflagellates are often divided into: 1) armoured dinoflagellates (possessing a theca or cellulose plates),
and 2) naked dinoflagellates (without a theca). Figure 18 illustrates the morphology and cellular structure of
dinoflagellate.

1) Armoured dinoflagellates: The cell wall of many dinoflagellates is divided into cellulosic plates known as
theca. The taxonomy of these thecated dinoflagellates is mostly based on the number of plates, the arrangement,
shape and structure of the theca e.g. Alexandrium spp.

2) Naked dinoflagellates: They have smooth and flexible cell walls and the taxonomy is mostly based on the
shape and structure e.g. Karenia spp.
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Figure 18. The morphology and cellular structure of dinoflagellate
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Chapter 3 Dinoflagellates

B=5 B3
Akashiwo sanguinea

i 753015 -
(Hirasaka) Hansen & Moestrup, 2000 Y- I
Phylum: Myzozoa I 2 O
Class: Dinophyceae o : W NG
Order: Gymnodiniales H: #fH%H g | N
Family: Gymnodiniaceae B B st —

Hulburt, 1957

Synonyms ¥4, :
Gymnodinium sanguineum Hirasaka 1922, Gymnodinium sangineum Hirasaka 1924, Gymnodinium splendens
Lebour 1925 and Gymnodinium nelsonii Martin 1929

Description:

Akashiwo sanguinea is an unarmoured species. The cell is large, solitary and variable in shape, roughly round
to pentagonal. In ventral view, the epicone is bluntly round; the hypocone has 2 prominent posterior lobes and 1
incised sulcus. The cell is dorsoventrally flattened and the size ranges from 40 - 70 wm in length. The cingulum
is nearly median and slightly descending. The apical groove is present and encircling the cell apex clockwisely.
The cell has a large number of yellowish brown chloroplasts radiating from the centre of the cell. 1 large nucleus
is located at the centre of cell.
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Occurrence of bloom(s) in Hong Kong /£ & s 5| 541X 3
From 1975 to 2017, 18 red tide incidents caused by Akashiwo sanguineum were recorded in Hong Kong waters.
Refer to Appendix V for detailed information.
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10 = 1

Akashiwo sanguinea. Figures 1-3: Live cells with various shapes. Figures 4-6: Fixed cells.

Figures 7-12: This live cell was photographed in time series (approx. 1 hour) from healthy to
round and then burst.

IMALAREEE o Bl 1-3 « RIS RN o BEl4-6 « DA 7l i AN o Bl 7-12 < 362
N AR A I (R—/DIRE) > R ph AR IR TR i 5 2R (BT K BRI ©

97



Chapter 3 Dinoflagellates

FE== B

Alexandrium catenella
NG L e

(Whedon & Kofoid) Balech, 1985

Phylum: Myzozoa I 2 O 1
Class: Dinophyceae R R

Order: Gonyaulacales H : B H Al
Family: Gonyaulacaceae B iR

Tomas el at., 1997
Synonyms ¥4, :
Gonyaulax catenella Whedon & Kofoid 1936, Gonyaulax washingtonensis Hsu 1967, Protogonyaulax catenella
(Whedon & Kofoid) Taylor 1979, Gessnerium catenellum (Loeblich 111 & Loeblich) Taylor 1979 and Gessnerium
catenella (Whedon & Kofoid) Taylor 1979

Description:

Alexandrium catenella occurs as a single cell or more often in short chains of 2, 4 or 8 cells. The cell is round
in shape, size ranges of 20 - 42 wm in length, 22 - 44 um in width, with a round apex and a slightly concave
antapex. The width of the cell 1s slightly wider than its length and the cell surface is lightly porulated. The apical
pore plate (Po) is broadly triangular with a larger anterior attachment pore (a.a.p.). The first apical plate directly
connects to Po. The ventral pore (vp) is consistently absent. The apical pore plate houses the characteristic
fishhook-shaped foramen. In chains, both anterior and posterior attachment pores are present. The nucleus is
large and in U-shaped.

Toxicity:

A. catenella is a strong Paralytic Shellfish Poisoning (PSP) toxins producer and the toxicity of the Hong Kong
strain is confirmed. The PSP toxins (C1 - C4 toxins, saxitoxins and gonyautoxins), transmitted via contaminated
shellfish, can affect humans, other mammals and possibly fish.
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Occurrence of bloom(s) in Hong Kong,/ 1£ 75 s 5| #5418 R 8 -

Year/4E- 53 No. of occurrence/5| %8 K 8 Species of codomination/3& [ 5| 3§ i fii
1989'! 1 -
2011 1
Total/Z&84 : 2

1 In 1989, Paralytic Shellfish Poisoning (PSP) toxins exceeding the regulatory limit were detected from green mussel samples during this red tide bloom
in south region of Hong Kong waters. The affected shellfish was then confiscated from market.
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Alexandrium catenella. Figures 1-2: Fixed cells. Figure 3-4: Epifluorescent stained cells. Figure
5: Cyst. Figure 6: Epitheca showing the 1' plate without ventral pore (vp). Figure 7:
Epifluorescent stained cell showing the apical pore plate (Po). Figures 8-9: The apical pore plate

(Po) with an anterior attachment pore (a.a.p.). Figures 10-11: The posterior sulcal plate with a
posterior attachment pore (p.a.p.).
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Chapter 3 Dinoflagellates

FE== B

Alexandrium tamarense

35 X5 ma JRELLK 3

(Lebour) Balech, 1995

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae A : VP

Order: Gonyaulacales H : B H
Family: Gonyaulacaceae B R

Tomas el at., 1997

Synonyms ¢4, :

Gonyaulax tamarensis Lebour 1925, Gonyaulax tamarensis var. excavate Braarud 1945, Gonyaulax excavata
(Braarud) Balech 1971, Gessnerium tamarensis (Lebour) Loeblich 1II & L. Loeblich 1979, Protogonyaulax
excavate (Braarud) Taylor 1979, Protogonyaulax tamarensis (Lebour) Taylor 1979 and Alexandruim excavatum
(Braarud) Balech & Tangen 1985

Description:

Alexandrium tamarense is small to medium in size, nearly spherical, its length is slightly longer than its width
with cell size in the range of 22 - 51 wm in length, 17 - 50 um in width. The cell occurs solitarily or in
pairs, and less commonly in fours. Paired cells may contain an anterior attachment pore (a.a.p.) and a posterior
attachment pore (p.a.p.). The thecal plates are thin and smooth. The first apical plate has 1 small ventral pore and
directly connects to the apical pore plate (Po). Po houses 1 large fishhook-shaped foramen and 1 small round
anterior attachment pore.

Toxicity:

A. tamarense is a paralytic shellfish poisoning (PSP) producer and the toxicity of the Hong Kong strain is
confirmed. The PSP toxins (gonyautoxins, neosaxitoxin and saxitoxin), transmitted via contaminated shellfish,
can affect humans or other mammals and possibly fish. No fish kill or harmful effects were recorded in Hong
Kong.
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Occurrence of bloom(s) in Hong Kong /¢ 75 il 5| 841001 R 8 -

Year/5F-05 No. of occurrence/5| #§ K 8 Species of codomination/3& [ 5| %8 i fii
1991 1 Noctiluca scintillans 7 Y6
1993 1 Noctiluca scintillans 65
Total/Z&% : 2
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Alexandrium tamarense. Figure 1: Fixed cells in chain form. Figures 2-3: Epifluorescent stained
cells showing anterior sulcal plate with a “plica” (arrow). Figure 4: Antapical view showing the
posterior sulcal plate with a posterior attachment pore (p.a.p.) (arrow). Figures 5-8: Apical view
showing the apical pore plates with an anterior attachment pore (a.a.p.) and the 1' plate with ventral
pore (vp).
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Dinoflagellates
B

Cochlodinium convolutum

& Hi e B

Kofoid & Swezy, 1921

Phylum: Myzozoa M : FFM
Class: Dinophyceae B
Order: Gymnodiniales H : #&H
Family: Gymnodiniaceae Bt PR ER
Description:

Kofoid & Swezy, 1921

Cochlodinium convolutum is an unarmoured species without thecal plate. The cell is ovoid-shaped without eye
spot. The epicone becomes slender toward the apex and the hypocone is wide and round. The girdle makes 1.5
truns around the cell. This species rarely forms a pair but mostly occurs solitarily. The cell size ranges from 40 -
70 wm in length and about 28 - 45 wm in width. A rectangular nuclear is located at the centre and the left ventral

side of the cell.
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Occurrence of bloom(s) in Hong Kong /16 75 # 5| #5411 R Y

Year/4E {5 No. of occurrence/5 | %K #( Species of codomination/# [[] 5| % i
2017 1 Noctiluca scintillans T Y635
Total/#8%4 - 1
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Cochlodinium convolutum. Figures 1-2: The same live solitary cell in ventral view at different
focus plates showing the deep sulcus extending into the hypocone. Figure 3: Cell in right lateral
view showing a hyaline membrane (arrow) around the cell. Figure 4: Nucleus (N) is located in the
centre of the cell.
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Chapter 3 Dinoflagellates

FE== B

Gonyaulax polygramma

% BN i 3

Stein, 1883

Phylum: Myzozoa 6 I 2 O

Class: Dinophyceae R R -
Order: Gonyaulacales H : e =y
Family: Gonyaulacaceae Bl BEEER Antapical Spines

Tomas et al., 1997
Synonyms ¥£4; :
Gonyaulax schuettii Lemmermann 1899

Description:

The cell of Gonyaulax polygramma is elongated and pentagonal in shape. It is medium-sized and mostly occurs
solitarily. The cell size ranges from 29 = 75 um in length and 26 - 56 um in width. The epitheca bears an
apical horn and 1 - 3 antapical spines are present at the end of truncated hypotheca. The theca plates between
longitudinal ridges are reticulated with numerous pores. A large oval nucleus is located posteriorly.
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Occurrence of bloom(s) in Hong Kong /£ 75 # 5| #4112 %Y
From 1975 t0 2017, 56 red tide incidents caused by Gonyaulax polygramma were recorded in Hong Kong waters.
Refer to Appendix VI for detailed information.
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Gonyaulax polygramma. Figures 1-2: Fixed cells in ventral view showing nucleus located
posteriorly with 1- 3 antapical spines at the end of hypotheca. Figure 3: Cingulum displaced 1.5
times the cingulum width; theca plates ornamented with longitudinal ridges (arrows), thecal
reticulae and numerous pores. Figure 4: Epifluorescent stained cell. Figures 5-6: Resting cysts.
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Chapter 3 Dinoflagellates

FE== B

Gonyaulax verior

Frllaivg g

Sournia, 1973

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Gonyaulacales H : B H
Family: Gonyaulacaceae B R

Matsuoka et al., 1988

Synonyms ¥4, :
Amylax diacantha Meunier 1919, Gonyaulax longispina Lebour 1925 and Gonyaulax diacantha (Meunier)
Schiller 1937

Description:

The cell of Gonyaulax verior is triangular in shape with gradually tapered epitheca. Epitheca with a short apical
horn. Cell is dorsoventrally compressed with two prominent antapical spines. The cingulum is displaced by one
girdle width without overhanging. The theca plates are thin and reticulated. The cell size ranges from 30 = 56
wm in length and 24 = 32 wm in width. It mostly occurs solitarily.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| $$4L 81K B

Year/5E45 No. of occurrence/5| #8K 8 Species of codomination/3t [l 5| #§ iy i
2016 1 Heterocapsa pygmaea S35
Total/ A48 - !
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Gonyaulaxverior.Figures 1-3: Fixed cellsinventral view showing 2 antapical spines at the
end of hypotheca. Figure 4: Red tide sample. Figure 5: Resting cysts. Figure 6:
Epifluorescent stained cell in ventral view. Figure 7: Epifluorescent stained cell in left

lateral view. Figure 8: Epifluorescentstained cellindorsal view.
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Dinoflagellates
B

Gymnodinium impudicum

{PHIRER

(Fraga & Bravo) Hansen & Moestrup, 2000

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R

Order: Gymnodiniales H : #i&H
Family: Gymnodiniaceae Bt PR ER

Synonyms ¥4, :

Gyrodinium impudicum Fraga & Bravo 1995

Description:

Murray et al., 2007

Gymnodinium impudicum is an unarmoured species and the cell is pear-shaped. It typically forms chains of 4
cells. The cell size ranges from 17 - 28 wm in length and 16 - 24 wm in width. The nucleus is located at the
centre of cell, slightly displaced towards the hypocone in the anterior cell of a chain and towards the epicone in
the posterior one. The cingulum is displaced by 1/3 = 1/4 of the total length of the cell. The sulcus is narrow,
penetrating into the epicone as far as the apex and it turns anticlockwisely when viewed from the apex to form

an apical groove.

il

DHIRERR T AN 3 P S AR 2 5008 o 28 DA A0 e H 2l SHIR HH B o AR A7 P17 - 2813
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Occurrence of bloom(s) in Hong Kong /¢ 75 s 5| #5410 R 8 -

Year/4E- 53 No. of occurrence/5 | #§ X Species of codomination/3& [l 5| #§ i i
2015 1 -
Total/Z&84 : 1
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4 S

Gymnodinium impudicum. Figure 1: Live cells in ventral view. Figure 2: Cingulum displaced by 1/3
to 1/4 of the total cell length. Figure 3: Live sample showing the cells occur in a short chain of 4
cells. Figures 4-5: Fixed cells.
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Gymnodinium simplex

5 SR H

(Lohmann) Kofoid & Swezy, 1921

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R

Order: Gymnodiniales H : #i&H
Family: Gymnodiniaceae Bt PR ER

Kofoid & Swezy, 1921

Synonyms ¥4, :
Protodinium simplex Lohmann 1908

Description:

Gymnodinium simplex is an unarmoured species. The cell is small, oval, dorsoventrally flattened and occurs
solitarily. The cell size ranges from 2 = 25 uwm in length and 1.7 = 13 wm in width. The cingulum is wide and
deeply incised and displaced in the middle part of the cell. Cell contains 4 irregular chloroplasts with 2 in epicone
and 2 in hypocone. A round nucleus is located in the centre of the cell.
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F67 LR HH R S A L i AN/ ~ 2OE ~ IR RS ~ DSBS B o AR A 12 - 257
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Occurrence of bloom(s) in Hong Kong /¢ &5 il 5| 4L R 8 -

Year/SE45 No. of occurrence/5 | 2§ K8 Species of codomination/3k vl 5 8 i fifi
1977 1 -
1981 2 -
1984 1 Noctiluca scintillans 65
Total/Z&8Y : 4
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Gymnodinium simplex. Figures 1-3: Fixed cell showing a round nucleus (N) located in the centre
and 4 irregular chloroplasts with 2 in epicone and 2 in hypocone. Figure 4: Live cell in ventral view.
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Chapter 3 Dinoflagellates
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Gymnodinium sp. X

X

Stein, 1878
Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Gymnodiniales H : #i&H
Family: Gymnodiniaceae Bt PR ER
Description:

Gymnodinium sp. X is an unarmoured species and the cell is small, round to oval, dorsoventrally flattened and
occurs solitarily. The cell size ranges from 18 = 22 um in length and 15 - 18 um in width. The cingulum is
wide and deeply incised and displaced in the middle part of the cell. The cell contains several chloroplasts at cell
periphery and a large nucleus is located in the epicone.
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Occurrence of bloom(s) in Hong Kong /£ 7 i 5| 8411 X 3

Year/4F-f53 No. of occurrence/5| %§ K8 Species of codomination/3& [ 5| 3§ i fii
19821 2 -
Total/Z88Y : 2

1 In 1982, culture fish loss was recorded in southeast region of Hong Kong waters during both blooms.
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Gymnodinium sp. X. Figure 1: Live cells (black and white photo). Figures 2-3: Fixed cells showing

alarge nucleus (N) located in the epicone.
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Gyrodinium spirale
RISt i

(Bergh) Kofoid & Swezy, 1921

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R

Order: Gymnodiniales H : #i&H
Family: Gymnodiniaceae Bt PR ER

Kofoid & Swezy, 1921

Synonyms ¥4, :
Gymnodinium spirale Bergh 1881 and Spirodinium spirale Entz 1884

Description:

Gyrodinium spirale is an unarmoured species and the cell is elongated, slender or spindle-shaped. It mostly
occurs in solitarily. The cell size ranges from 40 = 200 um in length and 20 = 45 wm in width. The epicone is
conical with slightly blunt apex, pointing to the right. The hypocone is broader than the epicone and bears with a
small pointed antapical protrusion. The cingulum is narrow and displaced by up to 5 times of its width. The cell
surface is covered with longitudinal ridges. Numerous trichocysts or mucocysts are situated at the cell margin. A
round or ellipsoid nucleus is located at the centre of the cell.
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Occurrence of bloom(s) in Hong Kong /¢ &5 il 5| 541001 R 8 -

Year/4 -5y No. of occurrence/5| 5 X ¥ Species of codomination/2& [F] 5 % iy i
1998 1 -

Total/Z&8 : 1
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Red Tlde Species in Hong Kong §

Gyrodinium spirale. Figures 1-2: The same fixed cell in ventral view at different focus plates
showing the cell surface covered with longitudinal ridges, a small pointed antapical protrusion
(arrow) and an ellipsoid nucleus (N) located in the centre of the cell. Figures 3-4: The same cell in
lateral view in high and lower focus. Figures 5-6: The same cell in dorsal view in high and lower
focus.
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Heterocapsa circularisquama
[ g 3 A 5

Horiguchi, 1995

Phylum: Myzozoa 6 I 2 O o

Class: Dinophyceae & : W —

Order: Peridiniales H: %WEH -

Family: Peridiniaceae B HHER A ]
Horiguchi, 1995

Description:

Heterocapsa circularisquama is a small, solitary, armoured species. The cell is pear-shaped with conical epitheca
and hemispherical hypotheca. The cell size ranges from 16 - 28.8 wm in length and 11.2 = 20 wm in width.
The species is named for the diagnostic body scales with 6 radiating ridges on 1 circular basal plate. The thecal
plates are thin. The cell has yellowish brown chromatophores and a deep girdle, comparatively shallow sulcus
and sharp apex.

Toxicity:
Overseas research reported that H. circularisquama is a toxic species which causes mass mortality of shellfish.
The toxicity of the Hong Kong strain is uncertain.
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Occurrence of bloom(s) in Hong Kong /£ 7 i 5| 5411 X 3

Year/4E {5 No. of occurrence/5 | %X ¥ Species of codomination/#% /] 57| %% i i
1983 -
1986
1987
1990
1991
1993
1995

1996 -
Thalassiosira mala Y[ |}y S 35

1997
1998
1999
2002
2004
2015
Total /48 : 17
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Heterocapsa circularisquama. Figure 1: Live cell in ventral view showing a small hyaline area
at the apex. Figure 2: Live cell in dorsal view. Figure 3: Scanning electron micrograph. Figure
4: Cells showing a large pyrenoid (py). Figure 5: Epitheca in ventral view showing thecal plate
arrangements and anterior sulcal plate (as). Figure 6: Epitheca in dorsal view. Figures 7-9:
Epifluorescent stained cells.
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117



Chapter 3 Dinoflagellates

FE== B

Hetfter ocapsa pygmaea
P
Lobelich, Schmidt & Sherley, 1981
Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Peridiniales H: %WEH
Family: Peridiniaceae B ZHER
Twataki, 2008
Description:

Heterocapsa pygmacea is a small, solitary, armoured species. The cell is ellipsoid with conical epitheca and round
hypotheca. Both epitheca and hypotheca are equal in size. Size ranges from 9.8 = 18.4 um in length and 6.1 -
10 wm in width. The cingulum is wide and well excavated. The sulcus is very conspicuous and fairly deep. The
thecal plates are very thin. Nucleus is spherical and located posteriorly. Two pyrenoids are located in epitheca
close to the cingulum and are above the nucleus.
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Occurrence of bloom(s) in Hong Kong /£ & s 5| 541X 3

Year/4E{5 No. of occurrence/5 | %X ¥ Species of codomination/#& [[] 5| %% i i
2016 1 Gonyaulax verior # g iH55
Total/Z45Y : 1
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Heterocapsa pygmaea. Figure 1: Live cell in ventral view showing a small hyaline area at the apex.
Figure 2: Same live cell in left lateral view. Figures 3-6: Fixed cells in ventral view showing 2

pyrenoids (py) located in the epicone and a nucleus (N) located in the hypcone. Figures 7-9:
Epifluorescent stained cells.

SUEENE o DAl 1 < 3 AR I v B U TEER AT — AN IE WTEE 50 o B2 <[] — {181 358 240 e e 00 v
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F=8 pd
Heterocapsa rotundata
HRH
(Lohmann) Hansen, 1995
Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Peridiniales H: %WH&H
Family: Peridiniaceae B ZHER

Iwataki, 2008

Synonyms ¥4, :

Amphidinium rotundatum Lohmann 1908, Gymnodinium minutum Lebour 1925, Massartia rotundata (Lohmann)
Schiller 1933, Amphidinium pellucidum Redeke 1935, Amphidinium redeker Conrad & Kufferath 1954,
Massartia rotundatum var. conradi Kufferath 1954, Katodinium rotundatum (Lohmann) Loeblich III 1965 and
Katodinium minutum Sournia 1973

Description:

Heterocapsa rotundata 1s a small, solitary, armoured species. The cell is mushroom-shaped or has the arrowhead
appearance with longer and broader epitheca than hypotheca. The cell size ranges from 9 - 15 wm in length
and 6 - 12 wm in width. The thecal plates are thin. The cell contains yellowish brown chromatophores, large
ellipsoid nucleus is located in the centre of the cell and 1 pyrenoid is located on the left side of the epicone.

fiak
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Occurrence of bloom(s) in Hong Kong /¢ 75 i 5| 4L R 8 -

Year/4 -5y No. of occurrence/5| 5 X ¥ Species of codomination/2& [F] 5 % iy i
1997 1

Heterosigma akashiwo 771l S5 3 ~

2005 2 Plagioselmis prolonga R} 5

Total/Z&4 : 3
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Red Tide Species in Hong Kon

Heterocapsa rotundata. Figure 1: Live cell in ventral view showing the shape of a mushroom and a
small hyaline area at the apex. Figure 2: Fixed cell in ventral view showing a large ellipsoid nucleus
(N) located in the centre of the cell and a pyrenoid (py) located in the left epicone (arrow). Figures 3-
4: Epifluorescent stained cells.
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Karenia digitata
SHE I PO
i i Sl
Yang, Takayama, Matsuoka & Hodgkiss, 2001

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R LS 2,
Order: Gymnodiniales H: #mEH |
Family: Kareniaceae B SR )

Yang et al., 2000
Description:

Karenia digitata is an unarmoured species without thecal plate. The cell is solitary, small, globular or ovoid, and
almost circular but slightly flattened dorsoventrally. The cell size ranges from 10 = 26.3 wm in length and 10 -
23 wm in width. The epicone is hemispherical or broadly conical, the hypocone is round to hemispherical, and the
antapex is not concave. The cell has a linear apical groove, which lies to the right of the sulcal axis. The nucleus
is large, spherical to ovoid, and located in the centre of hypocone. Chloroplasts are yellowish green to yellowish
brown and irregular in shape.

Toxicity:
K. digitata is a toxic species that can cause massive fish kill. The toxicity of the Hong Kong strain is confirmed.
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==
itk
eyl M e A S > WMEBKRAFIT - FHNERCEEES -
Occurrence of bloom(s) in Hong Kong /£ & s 5| B 4L KX 3
Year/5:45 No. of occurrence/5| K 8 Species of codomination/3& [ 5| #§ i i
1998! ’
1 Prorocentrum cordatum /U>JE J5 F 5
2009 1
Total/Z&8 : 9

1 In 1998, massive culture fish loss was recorded in several regions of Hong Kong waters during the blooms.

19984 » TR 77 18 25 flil /K JHa 58 P AL P ik Ao A R IR BT O R o
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Karenia digitata. Figure 1: Live cell in ventral view; apical groove (ag); sulcal extension (se) on
the epicone; sulcal curvature (sc) on the hypocone. Figures 2-5: Fixed cells in ventral view
showing the nucleus located in the hypocone (arrow). Figure 6: Fixed cell in antapical view
showing the nucleus (N). Figures 7-9: Scanning electron micrographs.
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Karenia longicanalis
Fe v )L fmi 2

Yang, Hodgkiss & Hansen, 2001

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Gymnodiniales H : #i&H
Family: Kareniaceae Bt Sl e
Yang et al., 2001
Description:

Karenia longicanalis is an unarmoured species without thecal plate. The cell is solitary, small, globular or ovoid,
and almost circular but slightly flattened dorsoventrally. The cell size ranges from 17.5 = 35 um in length and
10 - 22.5 wm in width. The epicone is hemispherical and the hypocone is hemispherical to slightly truncate with
a concavity or indentation at the antapex. A straight apical groove lies to the right of the sulcal axis and extends
about 2/3 down the dorsal side of the epicone. The nucleus is large, round, and located in the central part of cell.
Chloroplasts are yellowish green, round in shape and each contains 1 pyrenoid.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| $$ 4L 81X B :

Year/5:-4% No. of occurrence/5| 3§ KX 8 Species of codomination/3& [ 5| %8 i fii
1998 1 -
Total/#&%Y - 1
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Red Tlde Species in Hong Kong §

Karenia longicanalis. Figures 1-2: Live cell in ventral view in different focal planes. Figure 3: Live
ventral view showing the straight apical groove (arrow) extended to the epicone. Figure 4: The left
sulcal border has a distinct indentation (arrow). Figure 5: Numerous yellowish green chloroplasts
and each with 1 pyrenoid (py). Figure 6: Fixed cell showing a large round nucleus (N) situated in the
central part of the cell.
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Chapter 3 Dinoflagellates
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Karenia mikimotoi
wy pA B

R FCL fini
(Miyake & Kominami ex Oda) Hansen & Moestrup, 2000 TN
Phylum: Myzozoa M s {rM
Class: Dinophyceae R R
Order: Gymnodiniales H : #i&H
Family: Kareniaceae Bt : Sl

Tomas et al., 1997
Synonyms ¥4, :
Gymnodinium mikimotoi Miyake & Kominami ex Oda 1935, Gyrodinium nagasakiense Takayama & Adachi
1984 and Gymnodinium nagasakiense Takayama & Adachi 1985

Description:

Karenia mikimotoi is an unarmoured species without thecal plate. The cell is solitary with variable cell outlines,
usually from ovate to almost round. The cell is dorsoventrally flattened and its size ranges from 18 = 40 um in
length and 14 - 35 wm in width. The girdle is wide with a descending spiral which is displaced about 1/5 of the
cell length. The sulcus continues for a short distance onto the epicone where an apical groove extends in a straight
line from near the sulcal intrusion across the apex and a short distance down on the dorsal side of the cell. The
nucleus is ellipsoidal on the left side of the hypocone. The cell has oval chloroplasts with pyrenoids.

Toxicity:
K. mikimotoi is capable of producing both hemolytic and ichthyotoxins. It is known to associate with fish kill
locally.
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Occurrence of bloom(s) in Hong Kong / 7¢ 75 #& 5| B AL X B -
From 1975 to 2017, 12 red tide incidents caused by Karenia mikimotoi were recorded in Hong Kong waters.
Refer to Appendix VII for detailed information.
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Red Tide Species in Hong Kong *

Karenia mikimotoi. Figure 1: Live cultured cell. Figure 2: Same cell in ventral view in high
focus showing the short anterior extension of the sulcus (arrow). Figure 3: Spherical chloroplast
(arrow) with pyrenoid. Figure 4: Live ventral view showing the apical groove (arrow) extended
to the epicone. Figures 5-6: Fixed cells showing a large ellipsoid nucleus (N) situated on the left
side of the hypocone.
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Karenia papilionacea
2 N »
AT S f 2

Haywood & Steidinger, 2004

Phylum: Myzozoa 6 I 2 O °'”"
Class: Dinophyceae R R

Order: Gymnodiniales H : #i&H

Family: Kareniaceae Bt Sl e

Haywood et al., 2004

Description:

Karenia papilionacea is an unarmoured species without thecal plate. The cell is solitary and elliptical in shape,
moderately dorsoventrally compressed. The ventral is markedly concave and the dorsal is convex, and the cell
size ranges from 18 - 32 wum in length, 18 - 48 wm in width. The cell has a pointed apical protrusion at
the anterior end. The apical groove is short and extends to approximately the upper 1/3 of the dorsal epicone.
The sulcus extends to the left of the apex and apical groove. The nucleus is spherical to slightly oval in shape
located in the left hypocone. 1 red accumulation body is located on the right side of hypocone. Chloroplasts are
peripheral, round to reniform in shape, and yellowish green in colour.

Toxicity:
Overseas reseach reported that K. papilionacea is capable of producing neurotoxic brevetoxins that causes
neurotoxic shellfish poisoning (NSP) in humans or other mammals. The toxicity of the Hong Kong strain is
uncertain.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 X B :

Year/AE 5 No. of occurrence/5 | 5§ 5 ¥ Species of codomination/3& [ 5| %8 i fii
2009 1 N
2016 1 Karenia mikimotor >k FCHL {35
Total/Z&8Y : 2
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Karenia papilionacea. Figure 1: Live cell in ventral view showing yellowish green chloroplasts
are peripheral and round to reniform in shape; apical groove (ag) and sulcus extension (se).
Figure 2: Live cell in dorsal view showing the presence of red accumulation body on the right
side of hypocone (arrow). Figures 3-4: Fixed cells in ventral view showing the spherical to
slightly oval nucleus (N) located on the left side of hypocone. Figure 5: Wide cell in ventral
view. Figure 6: Cell in apical view.
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Karlodinium veneficum
Bl R

(Ballantine) Larsen, 2000

Phylum: Myzozoa " = ®lrM
Class: Dinophyceae W c WP

Order: Gymnodiniales H : #HEH
Family: Kareniaceae Bt Sl e

Larsen, 2000

Synonyms ¥£ 4 :

Gymnodinium veneficum Ballantine 1956, Gymnodinium galatheanum Braarud 1957, Woloszynskia micra
Leadbeater & Dodge 1966, Gymnodinium micrum (Leadbeater & Dodge) Loeblich III 1970, Gyrodinium
galatheanum (Baarud) Taylor 1992 and Karlodinium micrum (Leadbeater & Dodge) Larsen 2000

Description:

Karlodinium veneficum is an unarmoured species without thecal plate. The cell is solitary, small, and oval to
round in shape and the size ranges from 8 - 18 wmin length, 7 - 14 wm in width. The apical groove is straight.
The girdle is deeply incised, describing a descending spiral which is displaced almost from 1/7 to 1/3 of the cell
length. The sulcus is strongly deflected in the inter-cingular region and extends into the epicone. The nucleus
is large, round and located on the left side of hypocone or in the centre of the cell. The cell contains 2 - §
goldenbrown chloroplasts, usually 4, equal number in epicone and hypocone.

Toxicity:
Overseas reseach reported that K. veneficum is capable of producing karlotoxins that cause mass mortality of
fish. The toxicity of the Hong Kong strain is uncertain.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 # 5| $$ 4L IK B

Year/4F-fo3 No. of occurrence/5| %8 K 8 Species of codomination/3& [ 5| %8 i fii
2003 1 -
Total/Z&84 : 1
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Karlodinium veneficum. Figure 1: Live cell in ventral view showing 4 golden brown chloroplasts.
Figure 2: Fixed cell in ventral view showing the large chloroplasts; slight indentation at the apex
caused by the apical groove (arrow). Figures 3-4: Nucleus (N) is large, round and located on the left
side of the hypocone or in the centre. Figure 5: Cell in surface focus showing apical groove (arrow)
and sulcal intrusion (arrow head); cingulum boarded, deeply excavated and displaced 3 times of its
own width. Figure 6: Cell showing 4 large autofluorescent chloroplasts.
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Levanderina fissa
JE S B i v

Moestrup, Hakanen, Hansen, Daugbjerg & Ellegaard, 2014

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R

Order: Gymnodiniales H : #H&H
Family: Gymnodiniaceae B PR ER

Tomas et al., 1997

Synonyms ¥4, :

Gymnodinium fissa Levander 1894, Spirodimun fissum Lemmermann 1900, Gyrodinium fissum (Levander)
Kofoid & Swezy 1921, Gyrodinium pavillardii Biecheler 1952, Gyrodinium uncatenumHulburt 1957, Gyrodinium
instriatum Freudenthal and Lee 1963, Gymnodinium uncatenatum (Hulburt) Hallegraeft 2002 and Gyrodinium
instriatum (Freudenthal and Lee) Coat 2002

Description:

Levanderina fissa is an unarmoured species and the cell is round, oval to oblong, dorsoventrally flattened and
occurs solitarily. The epicone is truncated conical and hypocone is cup-shaped and has 2 lobes at antapical. The
cell size ranges from 40 - 70 wm in length. The cingulum is wide, deeply incised and displaced in the middle
part of the cell and its end are displaced almost 1/3 of the cell length. The cell contains numerous discoidal,
yellowish brown chloroplasts at cell periphery and a large oval nucleus is located in the epicone.
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Occurrence of bloom(s) in Hong Kong /¢ &5 il 5| 4L R 8 -

Year/4 -5y No. of occurrence/5| 5 X ¥ Species of codomination/2& [F] 5 % iy i
1982 1 -

1983 1

1985 1

1998 1

1

1

2002
2004

Total/Z&4 : 6
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4

Levanderina fissa. Figures 1-3: Live cell in ventral view showing cingulum displaced almost 1/3 of

the cell length; large nucleus (N) located in the epicone and numerous discoidal, yellowish brown
chloroplasts at the cell periphery. Figure 4: Fixed cells.
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(AR AHE)

Margalefidinium polykrikoides ‘
b
(Margalef) Gomez, Richlen & Anderson, 2017 R

Phylum: Myzozoa "] = &dlr M

Class: Dinophyceae I | —————
Order: Gymnodiniales H : #fHEH ‘
Family: Gymnodiniaceae B BER =

Tomas et al., 1997

Synonyms ¥£ 4 :
Cochlodinium heterolobatum Silva 1967 and Cochlodinium polykrikoides Margalef 1961

Description:

Margalefidinium polykrikoides is an unarmoured species without thecal plate. The cell is small, more or less oval
and slightly flattened dorsoventrally. The girdle makes 1.5 - 2.0 turns around the cell, is notched at the antapex.
This species often forms short chains of no more than 8 cells and individual cell ranges from 28 - 40 um in
length, 20 - 30 wm in width. The apical groove is present. The epitheca is round and conical at the apex and the
cingulum is deep and excavated, displaced at about 0.6 time of the cell length. The cells contain numerous rods
or ellipsoid-shaped chloroplasts. The nucleus is situated anteriorly in the epitheca.

Toxicity:
Overseas research reported that M. polykrikoides is a toxic species and it associated with fish kill. The toxicity of
the Hong Kong Strain is uncertain.
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Rk
HREPRA RSO EC#R > M. polykrikoides BLFEFAIE CH B o T AEMEMRSEA FE1E » (HIMGARMEE o
Occurrence of bloom(s) in Hong Kong /16 75 # 5| #5411 R 3
Year/4E- {5 No. of occurrence/5 | %X ¥ Species of codomination/#& [[] 5| %% i i
1084 ) Mesodinium rubrum #8588 ~
Noctiluca scintillans T Y635
1998 2
2011 1
Total/Z&8 - 5
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Margalefidinium polykrikoides. Figure 1: Live solitary cell in dorsal view, Figure 2: Surface view
showing the chloroplasts in rod, ellipsoid-shape (arrow) and the nucleus (N) situated in the epicone.
Figure 3: Live chained cells in dorsal view showing the position of sulcus (arrowhead) and red
pigmented bodies (arrows) situated in the epicone. Figure 4: Live chained cells. Figure 5: Fixed
cells.
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Chapter 3 Dinoflagellates

FE== B

Noctiluca scintillans
Ty w2

(Macartney) Kofoid & Swezy, 1921

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R

Order: Noctilucida H : &e#H
Family: Noctilucaceae B BOeER

Tomas et al., 1997

Synonyms ¥4, :

Medusa marin Slabber 1771, Medusa scintillans Macartney 1810, Noctiluca miliaris Suriray 1816, Mammaria
scintillans Ehrenberg 1834, Noctiluca marina Ehrenberg 1834, Noctiluca punctate Busch 1851, Noctiluca
omogenea Giglioli 1870 and Noctiluca pacifica Giglioli 1870

Description:

Noctiluca scintillans is an unarmoured species. The cell is large, solitary and buoyant with a distinctively shaped
nearly spherical. The cell size ranges from 100 = 2000 wm in diameter. The ventral groove is deep and wide
and houses a flagellum, a tooth and a tentacle. The tentacle is striated and extends posteriorly. A large nucleus is
located near ventral groove. Food vacuoles are present within cytoplasm and the chloroplast is absent. The cell
is colourless. However, the cell appears pink or green in colour and has bioluminescence characteristic when
photosynthetic symbionts are present in the cell.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| $$ 4L 81X B :

From 1975 to 2017, 287 red tide incidents caused by Noctiluca scintillans were recorded in Hong Kong waters.
Refer to Appendix VIII for detailed information.

HY 1975 4228 2017 4] > A #EKIBL G 287 S OG5 B AL K o 7 B BOREF 17 2 B4 F 25
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Noctiluca scintillans. Figures 1-2: Live cells in ventral view showing spherical in shape, large and
colourless with a striated tentacle (arrow). Figures 3-4: Dark field micrographs.
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Chapter 3 Dinoflagellates

FE== B

Peridinium quinquecorne

h%

Abé, 1927

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Peridiniales H: %WEH
Family: Peridiniaceae B ZHER

Abé, 1981

Synonyms ¥4, :
Protoperidinium quinquecorne (Abé) Balech 1974

Description:

Peridinium quinquecorne is an armoured species. The cell is angular to ovoid with pointed apex and occurs
solitarily. The epitheca is conical with an apical pore in the apical horn and hypotheca is round with four spines.
The cell size ranges from 17.5 - 46 um in length and 15 - 40 wm in width. The surface of thecal plates is
smooth and has scattered pores. The cingulum is displaced in the middle part of the cell and formed by 5 plates.
The cell contains numerous yellowish green, disc-shaped chloroplasts, 1 eyespot and a round nucleus is located
at the centre.
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Occurrence of bloom(s) in Hong Kong /¢ &5 il 5| 541001 R 8 -

Year/5- {57 No. of occurrence/5 | %5 K44 Species of codomination/2& [F] 5 % iy i

Plagioselmis prolonga MR} 3 ~
Scrippsiella trochoidea $E RV FC

2000 1

Total/Z&8 : 1
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Peridinium quinquecorne. Figure 1: Live cell in ventral view. Figures 2-3: Fixed cells in ventral
view showing the nucleus (N) located in the centre with 4 antapical spines at the end of hypotheca.

Figure 4: Cell in lateral view showing dorso-ventrally compressed. Figures 5-6: Epifluorescent
stained cells.
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Chapter 3 Dinoflagellates
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Polykrikos geminatum
HhO% e

(Schiitt) Qiu, Huang, Liu, Zhang & Lin, 2013

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R

Order: Gymnodiniales H : #i&H
Family: Gymnodiniaceae Bt PR ER

Kofoid & Swezy, 1921 Schiitt, 1895

Synonyms ¥£ 4 :
Gymnodinium geminatum Schiitt 1895, Cochlodinium c.f. geminatium Schiitt 1896 and Protopolykrikos distortus
Iwataki (unpublished)

Description:

Polykrikos geminatum is an unarmoured species without thecal plate. The cell is irregularly spherical, or ovoid
and slightly flattened dorsoventrally. The girdle makes 1.5 turns around the cell. This species often occurs
solitarily or in short chains of 2 cells. The cell size ranges from 30 - 54 um in length and 24 - 42 um in width.
Apical groove is hook-shaped; trichocyst located beneath the cell membrane and eyespot is absent. The cells
contain numerous reticulated chloroplasts scattered throughtout the cell periphery. A large spherical nucleus is
located in the centre of cell.
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Occurrence of bloom(s) in Hong Kong /£ 75 i 5| 54101 R 8 -

Year/4F-fo3 No. of occurrence/5 | #§ K 8 Species of codomination/3 [l 5| #§ i i
2005 1 -
2006
2007
2009
2011
2012
2014

Total/Z28 : 9

O l= === -
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Polykrikos geminatum. Figure 1: Live cell in ventral view showing numerous reticulated
chloroplasts scattered throughtout the cell periphery. Figure 2: Live cell in ventral view showing
hook-shaped apical groove (arrow) and without chloroplasts. Figure 3: Live chained cells in dorsal
view. Figures 4-5: Same cell in dorsal view in different focal planes. Figure 6: A large nucleus (N)
located centrally. Figure 7: Live red tide sample showing the cells often occur singly or in short
chains of 2 cells. Figure 8: Fixed cells. Figure 9: Resting cyst.
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Chapter 3 Dinoflagellates
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Prorocentrum balticum

PN )5 PR 3
@\

(Lohmann) Loeblich, 1970

Phylum: Myzozoa 6 I 2 O {; |
Class: Dinophyceae R R /
Order: Prorocentrales H : FHEH \ /
Family: Prorocentraceae Bt R T

Tomas et al., 1997

Synonyms ¥4, :
Exuviaella balticaLohmann 1908, Prorocentrum pomoideum Bursa 1959 and Exuviaella aequatoralis Hasle 1960

Description:

Prorocentrum balticum is a bivalvate armoured species. The cell is small, slightly laterally flattened, round or
ovoid in shape and occurs solitarily. The cell bears 2 small apical spines in the periflagellar area. The cell size
ranges from 9 - 22 um in diameter. The surface of thecal plates is covered with small spines and a few scattered
trichocyst pores. The cell contains several yellowish green chloroplasts and a round nucleus is located posteriorly.

fiak

I A 11 3 Dt FP 958 0 M O > AMIRAN /)N > WS Zs kim0 RIEDE IR > % DL S B o [F
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Occurrence of bloom(s) in Hong Kong /¢ &5 il 5| 4L R 8 -

Year/4 -5y No. of occurrence/5| 5 X ¥ Species of codomination/2& [F] 5 % iy i
1999 1 Gonyaulax polygramma % #UH5
2003 1 Prorocentrum cordatum {3 J5 FE:
2005 1 Noctiluca scintillans % Y635
Total/Z&8% : 3
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Prorocentrum balticum. Figure 1: Live cell in lateral view showing round or ovoid in shape. Figures
2-3: Fixed cells showing 2 small apical spines (arrow head) in the periflagellar area. Figures 4-6:

Epifluorescent stained cells showing the surface of thecal plates covered with small spines (arrows)
and a few scattered trichocyst pores .
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Chapter 3 Dinoflagellates
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Prorocentrum cordatum

> A
PL H‘; ,E\i EIEl R )
(Ostenfeld) Dodge, 1975

e

e

|
Phylum: Myzozoa 6 I 2 O \ /
Class: Dinophyceae R R
Order: Prorocentrales H : EHEH \ /
Family: Prorocentraceae Bt R “

Tomas et al., 1997

Synonyms ¥£ 4 :

Exuviaella cordata Ostenfeld 1902, Exuviaella minima Pavillard 1916, Exuviaella pyriformis Schiller 1928,
Prorocentrum triangulatum Martin 1929, Prorocentrum minimum (Pavillard) Schiller 1933, Exuviaella minima
Schiller 1933, Exuviaella peisonis Schiller 1955, Exuviaella mariae-lebouriae Parke & Ballantine 1957, Exuviaella
marie-lebouriae Parke & Ballantine 1957, Prorocentrum cordiformis Bursa 1959, Exuviaella pacifica Kuz'mina
1960, Prorocentrum mariae-lebourae (Parke & Ballantine) Loeblich III 1970 and Prorocentrum marie-lebouriae
(Parke & Ballantine) Loeblich I1I 1970

Description:

Prorocentrum cordatum is a bivalvate armoured species. The cell is small, laterally flattened, oval to heart-shaped
and occurs solitarily. The anterior end is truncate with a small and shallow V-shaped depressed periflagellar area.
A short spine is adjacent to the periflagellar area. The cell size ranges from 10 - 23 wm in length and 10 - 15
wm in width. The surface of thecal plates is covered with many small, short spines and scattered pores. The cell
contains serveral yellow-brown chloroplasts and a broadly ellipsoidal nucleus is located posteriorly. 1 large
pyrenoid and 2 pusules are present.

Toxicity:
Overseas research reported that P. cordatum is capable of producing venerupin (hepatotoxin) which causes
shellfish poisoning resulting in gastrointestinal illnesses. The toxicity of the Hong Kong strain is uncertain.
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Occurrence of bloom(s) in Hong Kong /£ 75 s 5| # 4L IX %Y
From 1975 to 2017, 47 red tide incidents caused by Prorocentrum cordatum were recorded in Hong Kong waters.
Refer to Appendix IX for detailed information.
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Prorocentrum cordatum. Figures 1-2: Various cells in lateral view showing presence of a short
apical spine (arrow head). Figure 3: Anterior end of right valve showing the V-shaped
depression (arrow). Figure 4: Scanning electron micrograph showing thecal surface covered
with numerous short spines.
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Chapter 3 Dinoflagellates
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Prorocentrum dentatum

A 2 D 3

Stein, 1883

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Prorocentrales H : FHEH
Family: Prorocentraceae Bt R

Tomas et al., 1997

Synonyms ¥£ 4 :
Prorocentrum obtusidens Schiller 1928, Prorocentrum veloi Osorio-Tafall 1942 and Prorocentrum monacense
Kufferath 1957

Description:

Prorocentrum dentatum is a bivalvate armoured species. The cell is laterally flattened, elongated and lanceolate
to heart shape. It occurs solitarily or in chain form. This species is blunt or slightly pointed at the anterior with
extension at one side without apical spine and tapered or slightly pointed at the posterior end. The cell size ranges
from 15 - 60 uminlengthand 9 - 20 wm in width. The surface of thecal plates is covered with small spines and
trichocyst pores are around the valve margin. The cell contains several yellow-brown chloroplasts and a round
nucleus is located posteriorly.
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Occurrence of bloom(s) in Hong Kong / {£ 75 s 5| 4L 11X %

Year/5E{5y No. of occurrence/5 | % K 8 Species of codomination/3t [l 5| #§ i i
1984 2
1985 1 Prorocentrum triestinum 2335 J5 F
1995 1
2
1998 1 Noctiluca scintillans T Y615
1 Prorocentrum cordatum /0> Ji B35
1999 1 Prorocentrum cordatum U i B
2000 1
2001 1
2003 1
2004 1
2005 1
2008 1
Total/#8%4 - 15
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Prorocentrum dentatum. Figures 1-4: Various cells in lateral view showing lanceolate or elongate in
shape; blunt or slightly pointed at the anterior with extension (arrow heads) on one side without
apical spine and tapered or slightly pointed at the posterior end. Figure 5: The trichocyst pores
(arrow) scattered around the valve margin. Figure 6: Epifluorescent stained cell showing the
trichocyst pores (arrow) scattered around the valve margin.

A0 25 D FHYSSE o B 1-4 < AN [R] A 1 00 i AR A N 2 P BTSRRI 5 e i i 1 L v — i
FERE R BER 2 SIIR CFFER) - A TER > T 8eR bl 70 A 5 1 20 2 SR o
5 PrBEg R MBS AL () o REl6 © Sa R AN RTINS F 18 46 2 i A g
AL (i) o

147



Chapter 3 Dinoflagellates

B=FE B3
Prorocentrum gracile
W

Al e I 3 S

Schiitt, 1895 "
-

Phylum: Myzozoa M 35 '.'5 Hr/

Class: Dinophyceae IR LR Hﬁn ;’

Order: Prorocentrales H: EHEEH ‘\ J,f

Family: Prorocentraceae Bl 2 B ER

Tomas et al., 1997
Synonyms ¥4 :
Prorocentrum macrurus Athanassapaulos 1931, Prorocentrum hentschelii Schiller 1933, Prorocentrum sigmoides
Bohm 1933 and Prorocentrum diamantinae Wood 1963

Description:

Prorocentrum gracile 1s a bivalvate armoured species. The cell is pointed or elongated to lanceolate and occurs
solitarily. This species is round at the anterior with 1 long winged apical spine and pointed at the posterior end.
The cell size ranges from 34 - 120 wm in length and 15 - 36 wm in width. The surface of thecal plates is
covered with many shallow poroids and radially arranged trichocyst pores. The cell contains several yellow-
brown chloroplasts and a V-shaped nucleus is located posteriorly.

fiak
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Occurrence of bloom(s) in Hong Kong/ ¢ 75 ik 5| #8411 R 8 -

Year/5E-{5 No. of occurrence/5 | #§ X Species of codomination/3k ] 57§ i i
1980 1 -
1984 1
1985 1
1986 1
) }
1988 1 Tripos furca S fi
1 Prorocentrum cordatum U J5E B 5
1990 &
2 Prorocentrum cordatum {0 JF J5E 135
| Karenia mikimotoi >k ECHL{# 35 ~
1907 Prorocentrum cordatum {0 J HI
| Heterosigma akashiwo 77 ) SL55% ~
Prorocentrum triestinum 2355 H 5
2000 1
Total/448% : 16
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Prorocentrum gracile. Figure 1: Live cell in lateral view. Figures 2-3: Various cells in lateral view
showing pointed or elongated to lanceolate in shape; round at the anterior with long winged apical
spine (arrow head) and pointed at the posterior end. Figures 4-5: The surface of thecal plates
covered with many shallow poroids and radially arranged trichocyst pores (arrow). Figure 6:
Epifluorescent stained cell.
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Chapter 3 Dinoflagellates

F=8 pd
Prorocentrum micans

» “‘ ';ﬁ‘
T D P B
Ehrenberg, 1834
Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Prorocentrales H : FHEH
Family: Prorocentraceae Bt R

Tomas et al., 1997

Synonyms ¥4, :
Prorocentrum schillerii Bohrn 1933, Prorocentrum levantinoides Bursa 1959, Prorocentrum levantoides Bursa
1959 and Prorocentrum pacificum Wood 1963

Description:

Prorocentrum micans is a bivalvate armoured species. The cell is medium-sized, laterally flattened, highly

variable in shape from tear-drop to heart shape. It occurs solitarily. This species is round at the anterior with a

winged apical spine and pointed at the posterior end. The cell size ranges from 15 - 80 wm in length and 15
= 50 wm in width. The surface of thecal plates is covered with shallow poroids and numerous radially arranged

trichocyst pores. The intercalary band is smooth and wide. The cell contains several yellowish green chloroplasts
and a V-shaped nucleus is located posteriorly.
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Occurrence of bloom(s) in Hong Kong /£ & s 5| B 4L KX 3

Year/5E{5y No. of occurrence/5 | % K 8 Species of codomination/3t [l 5| #§ i i

1980 1

1982 1 Noctiluca scintillans T Y635

1983 1

1984 1

2004 ¢ -

1 Chattonella marina ¥ i 3
Total/#8%Y - 11
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4

Prorocentrum micans. Figures 1-3: Various cells in lateral view showing this species is highly
variable in shape from tear-drop to heart shape; round at the anterior with a winged apical spine
(arrow heads) and pointed at the posterior end. Figures 4-6: The surface of thecal plates covered
with shallow poroids and numerous trichocyst pores (arrows) arranged radially.
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Chapter 3 Dinoflagellates
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Prorocentrum rhathymum

R fﬁfﬁ

Loeblich, Sherley & Schmidt, 1979 £ : R

g il
Phylum: Myzozoa CRE T iEAL -
Class: Dinophyceae 2 : T ol /
Order: Prorocentrales H : FHEH N
Family: Prorocentraceae Bt R

Hoppenrath et al., 2013

Description:

Prorocentrum rhathymum is ovoid to oblong in valve view. Size ranges from 25 - 48 mlong, 18 - 32 m wide.
A winged apical spine is present at the periflagellar area. The thecal surface is smooth with trichocyst pores
radially ranged. The pores are perpendicular to the cell periphery. The nucleus is located in the posterior part of
the cell. Pyrenoid and marginal pores are absent.

Toxicity:
Overseas researh reported that P. rhathymum is capable of producing haemolytic and fast-acting toxin (FAT).
The toxicity of the Hong Kong strain is uncertain.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| $$ 4L 81X B :

Year/5:-45 No. of occurrence/5 | 5§ K 8 Species of codomination/3& [ 5| %8 5 fii
2017 1 Akashiwo sanguinea XLAL 77 5
Total/#&%Y - 1
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Red Tide Species in Hong Kong

Prorocentrum rhathymum. Figure 1: Cells in valve view showing oval in shape; nucleus (N)
located in the posterior part of the cell. Figures 2-3: Trichocyst pores radially arranged. Figure
4: Periflagellar area with well developed winged apical spine (arrow).
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Chapter 3 Dinoflagellates
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Prorocentrum triestinum

5% J HH 7
Schiller, 1918 { ‘ ﬁ
Phylum: Myzozoa 6 I 2 O I'l," 1!
Class: Dinophyceae T B | \\\' i
Order: Prorocentrales H: JFEHEH \{K 'pl;'
Family: Prorocentraceae B EHER Y

Tomas et al., 1997
Synonyms ¥£4; :
Prorocentrum pyrenoideum Bursa 1959, Prorocentrum redfieldii Bursa 1959, Prorocentrum setouti Hada 1975
and Prorocentrum setoutii Hada 1975

Description:

Prorocentrum triestinum is a bivalvate armoured species. The cell is small and elongated and it occurs solitarily.
This species is round at the anterior with 1 narrow winged apical spine and pointed at the posterior end. The cell
size ranges from 18 - 30 wm in length. The surface of thecal plates is smooth and has a few scattered trichocyst
pores. The periflagellar area is a shallow depression. The cell contains several yellowish green chloroplasts and
a round nucleus is located posteriorly.

il

FRTE et FH g 2 B Py O > ANEAN /D ~ R RIE ~ DIEUEMEI B o fE Rl a0 RIEE 0 5
VAR A AR TE M > e AR ik 49 4 o AR AT F-18 - 305K o 3%y R EWT » A — 2T/ Bk
RN AL o FEMEB 1A 2B MTREGR o AN A 2118 o Akt W SE Ak > AN A% 2 IEDE » A0 Al I 12
jﬂ“'ﬁ o

Occurrence of bloom(s) in Hong Kong/ {¢ &5 ik S| 541K 3 -

Year/AE- {5 No. of occurrence/%| #§ K Species of codomination/3k vl 5 %8 i fifi
1983 1 -
10
1985 1 Prorocentrum dentatum 4l &5 )5 ¥ 5
1 Thalassiosira mala Wy i35
1986 5
1987 3
1988 1 ——
2 Prorocentrum cordatum /U 5 HH #5
2
1989 ' Prorocentrum cordatum [ B JEUFIEE ~
Skeletonema costatum Y ) 635
1904 . Eutreptie]]a sp- LR ~
Noctiluca scintillans 1 Y635
1997 | Heterosigma akasbiufo TRV B
Prorocentrum gracile #ll 5 5t H1 %
1998 1 Thalassiosira pseudonana {i {3 523 5
2000 1 Prorocentrum cordatum /0> J5UH 5
2001 | Prorocentrum cordatum DB HIEE ~
Scrippsiella trochoidea ${E IR U7 EC 5
Total/Z&84 : 32
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Prorocentrum triestinum. Figure 1: Live cell in lateral view. Figures 2-3: Various cells in lateral
view showing elongated in shape; round at the anterior with a narrow winged apical spine (arrow
heads) and pointed at the posterior end. Figures 4-5: The surface of thecal plates is smooth with few
scattered trichocyst pores (arrows). Figure 6: Epifluorescent stained cell.
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Chapter 3 Dinoflagellates
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Protoperidinium depressum

iP5 %

(Bailey) Balech, 1974

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Peridinales H: %WEH
Family: Protoperidiniaceae Bl : Jii% HHH

Tomas et al., 1997

Synonyms ¥4, :
Peridinium depressum Bailey 1854, Protoperidinium parallelum Broch 1906 and Protoperidinium parallelum
Paulsen 1907

Description:

Protoperidinium depressum is an armoured species. The cell is large, elongated with a round or quadrangular
body and it occurs solitarily. In ventral view, the epitheca is conical and has 1 long apical horn. The hypotheca
has 2 long divergent antapical horns with shorter left antapical horn. The cell size ranges from 116 - 200 wm
in length. The cingulum is narrow, left-handed with wide cingular lists. The sulcus is deep and forms a strong
indentation of the the antapical margin between horns of hypotheca. The cell contains several yellowish brown
chloroplasts and a nucleus is located at the centre of the cell.

fiii

J I % R 5 i AR - RRIE > R RBEIE SIS » DIRUBR#E B o 78 1IE T
Bl > B33 B3 > A LRIEM » TR ubk 726 208 K 73 IR » A A s /AR o A
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Occurrence of bloom(s) in Hong Kong /£ & s 5| B 4L KX 3

Year/sE 45} No. of occurrence/5| % K Species of codomination/3t [l 5| #§ fi i
1979 1 -
Total/Z&84 : 1
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Protoperidinium depressum. Figure 1: Anterior ventral view of the cell showing the epitheca is
conical and has a long apical horn. Figure 2: Posterior dorsal view. Figure 3: Right lateral view.

Figure 4: Apical view. Figures 5-6: Epifluorescent stained cells; plate configuration showing
1'=ortho & 2a=quadra.
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Chapter 3 Dinoflagellates
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Scrippsiella trochoidea

SESTR 107 FQ 3

(Stein) Loeblich III, 1976

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R

Order: Peridinales H: %WEH
Family: peridiniaceae B ZHER

Tomas et al., 1997

Synonyms 524, :

Glenodinium trochoideum Stein 1883, Glenodinium acuminatum Jorgensen 1899, Peridinium faeroense Paulsen
1905, Peridinium trochoideum (Stein) Lemmermann 1910, Scrippsiella facroensis (Paulsen) Balech & Soares
1966, Scrippsiella facroensis (Paulsen) Balech & Soares 1967, Scrippsiella faeronese Dickensheets & Cox 1971
and Calciodinellum faeroense (Paulsen) Havskum 1991

Description:

Scrippsiella trochoidea 1s an armoured species. The cell is solitary and pear-shaped. In ventral view, the epitheca
is conical and has a short apical process; the hypotheca is round without spine or horn. The epitheca is slightly
larger than the hypotheca. The cell size ranges from 16 - 43 um in length. The cingulum is nearly excavated
without cingular list. The sulcus is wide and excavated. The cell contains several yellowish brown chloroplasts
and a nucleus is located at the centre of the cell.

fiii

PRI IO U v 36 > A 2308 > DA e (B o e il » B33k BalE > HRsEit
THuE > Tk REE » WA RBKA o EE TR o MR T 16 - 435K Bk A » &
AR o Hew vaRd o BEFE o AN P B v 4 (A TRk S > MRS ALIA A IR g v O o

Occurrence of bloom(s) in Hong Kong / {£ 75 s 5| #4181 X %

Year/5:45 No. of occurrence/5| 5§ K 8 Species of codomination/3& [ 5| #§ i i
1988 1 Karenia mikimotoi K IR\ fiiy 5
10 -
2000 | Peridinium quinquecorne F.J % HF: ~
Plagioselmis prolonga R R}y i
5 -
. Skeletonema costatum B 55 ~
2001 Thalassiosira sp. W Hi:
1 Prorocentrum cordatum /U>JE J5 F 5
| Prorocentrum cordatum {0 5 HIFE ~
Prorocentrum triestinum 3 5 F 5
2003 1
2007 1
2010 2
2012 1
2013 1
2014 1 Heterosigma akashiwo 7] F 55
Total/#8%4 - 27
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Scrippsiella trochoidea. Figure 1: Live cell in ventral view showing the cell is pear-shaped;
epitheca conical with a short apical process and hypotheca in round shape. Figure 2: Fixed cell in
ventral view. Figure 3: Live red tide sample. Figures 4-6: Same cell in ventral view in different focal
planes showing a large nucleus (N) located in the centre. Figure 7: Ventral view of theca plates;
phase contrast. Figure 8: Epifluorescent stained cell. Figure 9: Resting cysts.
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Chapter 3 Dinoflagellates
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Takayama pulchella
KRR

(Larsen) de Salas , Bolch & Hallegraeff, 2003

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R

Order: Gymnodiniales H : #H&H
Family: Kareniaceae Bt Sl e

de Salas et al., 2003

Synonyms ¥4, :
Gymnodinium pulchellum Larsen 1994

Description:

Takayama pulchella is an unarmoured species without thecal plate. The cell is solitary and the cell outline 1s
obovate and slightly dorsoventrally flattened. The cell size ranges from 13 - 27 wm in length and 12 - 25
wm in width. The apical groove is S-shaped sigmoid, encircling the cell apex anti-clockwisely. The epicone is
hemispherical, and the hypocone is truncated and incised. In ventral view, a sharp finger-like sulcal intrusion
extends shortly into the epicone. The sulcus is wider in the hypocone than the intercingular region. A large
nucleus is ellipsoidal and located on the left side of the cell. The cell has several irregularly shaped chloroplasts
with pyrenoids in the centre.

Toxicity:
Overseas researh reported that 7. pulchella is a toxic species which causes fish kill. The toxicity of the Hong
Kong strain is uncertain.

fi ik

FRE-RERAHZ A S DRSS B > 2EIE > WEBRET > MET13 - 2760k »
FEATF12 - 2560K o THRE 2 SIE » DUS IR S 7 m BRI o B8 BBRR » Bl A Yy »
P8 TE B ) Bl — SS G TR W e s (e b3 D o M0 IR T s Bl i ke o AR K » 20
B > RN o AN S5 AS R HO T A BE A5k > PG TR 1% o

ST
AP AF I SRR i 35 B R i T B SR o A VR SRR Y35 1k N R RERESE o
Occurrence of bloom(s) in Hong Kong / 1£ & s 5| 541X 3
Year/5:{5} No. of occurrence/5 | % K 8 Species of codomination/3t [l 5| #§ fi i
2011 1 -
Total/#8%Y - 1
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Takayama pulchella. Figures 1-2: Live cells in ventral view showing sharp finger-like sulcal
intrusion extending into the epicone (arrow). Figures 3-4: Different fixed cells showing the
pyrenoid (py) in the centre and the large, ellipsoidal nucleus (N) on the left side of the cell.
Figure 5: Left lateral view showing the nucleus (N) close to the dorsal surface. Figure 6: S-
shaped sigmoid apical groove encircling the cell apex (arrow).
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Chapter 3 Dinoflagellates
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Tripos furca

X fiy3 :'

(Ehrenberg) Gémez, 2013 VI .

Phylum: Myzozoa " : FM FQH
Class: Dinophyceae A HERA ]
Order: Gonyaulacales H : Kif&EH \!
Family: Ceratiaceae Bl . AEs V

Tomas et al., 1997

Synonyms ¥£4; :

Peridinium furca Ehrenberg 1834, Ceratophorus fiirca (Ehrenberg) Diesing 1850, Ceratium furca (Ehrenberg)
Claparede & Lachmann 1859, Biceratium furca (Ehrenberg) Vanhoeffen 1897 and Neoceratium furca (Ehrenberg)
GOmez, Moreiva & Lopez-Garcia 2010

Description:

Tripos furca is an armoured species. The cell is solitary, fork-liked shaped and slightly dorsoventrally flattened
with the widest at the cingulum area. The cell size ranges from 70 - 225 wm in length and 30 - 56 wm in width.
The epitheca is tapering into the anterior horn and hypotheca is subtrapezoid with extending 2 antapical horns.
The right antapical horn is shorter than the left one. The surface of theca plates is covered with reticulated ridges
and pores. The cell contains numerous yellowish brown chloroplasts and a nucleus is located in the epicone.
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Nt HL W > AN DABDR (I3 H 3 > 20K > AT IR S 25 SR o1 o R SR i RERA o A
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Occurrence of bloom(s) in Hong Kong /16 75 i | B 4L 8k 3
From 1975 to 2017, 41 red tide incidents caused by Tripos firrca were recorded in Hong Kong waters. Refer to
Appendix X for detailed information.
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Tripos furca. Figures 1-3: Ventral view of various cells showing the different length of apical and
antapical horns. Figure 4: Live cells, dark field micrograph. Figure 5: Ventral view of epifluorescent
stained cell.
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Chapter 3 Dinoflagellates
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Tripos muelleri
= AR

Bory de Saint-vincent, 1824

Phylum: Myzozoa 6 I 2 O
Class: Dinophyceae R R
Order: Gonyaulacales H : B H
Family: Ceratiaceae B AR

Tomas et al., 1997

Synonyms ¥4, :

Cercaria tripos Miiller 1776, Ceratium tripos (Miiller) Nitzsch 1817, Peridinium tripos (Miiller) Ehrenberg 1834,
Ceratophorus tripos (Miiller) Diesing 1850, Euceratium tripos Moses 1929, Euceratium vultur Moses 1929,
Ceratium schroederi Nie 1936 and Neoceratium tripos (Miiller) Gomez, Méreira & Lopez-Garcia 2010

Description:

Tripos muelleri is an armoured species. The cell is nearly in triangular shape and occurs solitarily. The cell size
ranges from 215 - 280 um in length and 60 - 93 wm in width. The epitheca bears 1 long, straight and narrow
apical horn and the 2 shorter hypothecal horns are curving bend almost parallel with the apical horn. The surface
of theca plates is smooth. The cell contains numerous yellowish brown chloroplasts and a nucleus is located in
the epicone.

fiak

=MaE R BB HE - AWE =M1 > DEEERE S o E A -T7215 - 280K » R T
60 - 937K o Bl A MEAZ R B TE A > Tkl 2 W24 i A » S B > 2 A% ELTE
FSE o 53 Py RAENT o AN &6 R i I SEAREY > AR AL AR 7 535 o

Occurrence of bloom(s) in Hong Kong /¢ &5 il 5| 541001 R 8 -

Year/4 -5y No. of occurrence/5| 5 X ¥ Species of codomination/2& [F] 5 % iy i
012 | Chattonella marina 11 5,
Tripos furca SLff3
Total/#8%Y - 1
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Tripos muelleri. Figure 1: Dorsal view of chained cells. Figures 2-3: Ventral view of various cells.
Figure 4: Epifluorescent stained cell.
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Chapter 4 Others

FNE Hfth

Among the red tide causative species, there are other types of plankton which do not belong to diatoms or
dinoflagellates and are collectively grouped to others. In Hong Kong, there are 17 red tide causative species
grouped to  “others” belonging to 10 classes comprising Raphidophyceae, Dictyochophyceae, Cryptophyceae,
Euglenoidea, Cyanophyceae, Prymnesiophyceae, Chlorophyceae, Litostomatea, Chrysophyceae and
Ebriophyceae.

In order to classify or identify plankton, the cell size and shape, motility, the number, shape and position of
flagellum, and other morphological characteristics such as the position of nucleus as well as pigments distribution
are common criteria used.

EBI B4R SR > B AR RS R T HA L SRR o ANUESCER A 1T ALE SRR T
fit o S > S BB 10MEA > R G S AT ~ REWISEA ~ BREEAN ~ PR ~ WA ~ e i ~ 4%
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AR RADNRDIR ~ FEENE > DBHER R B ~ TN ~ AR DUR ta 28 i 2 ¥ 5T B R 1L
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Chattonella marina
TR VF A M

(Subrahmanyan) Hara & Chihara, 1982

Phylum: Ochrophyta "] : Wi EE
Class: Raphidophyceae I R
Order: Chattonellales H : #lisEH
Family: Chattonellaceae Bt - WlEe

Imai & Yamaguchi, 2012

Synonyms ¥£ 4, :
Hornellia marina Subrahmanyan 1954

Description:

Chattonella marina is solitary, oblong or obovoid in shape with a tiny posterior tail. The cell is asymmetrical in
lateral view and slightly flattened, and its size ranges from 30 = 70 wm in length and 12 - 33 wm in width.
The 2 subequal flagella are approximately equal to the cell length and emerge from the bottom of an anterior
depression. The teardrop-shaped nucleus is situated in the centre of the cell. Many green to yellowish brown,
ellipsoid chloroplasts are arranged radially with 1 naked pyrenoid located on the inner pole of the chloroplasts.
Electronic microscopy shows that electron-dense (osmiophilic) particles are present in the peripheral cytoplasm.
Contractile vacuole, eyespot and mucocyst are absent.

Toxicity:
Overseas research reported that C. marina is capable of producing neurotoxic, hemolytic and haemagglutinating
compounds, resulting in fish kills.
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TR M 3 DL R (T B > A 2 RS B s BN » i /R o AR i A A > MR
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1k
AR S SR G e P W M v A WA ~ W PR A &9 > Wl 5| BUssE T o

Occurrence of bloom(s) in Hong Kong,/ ¢ 75 ik 5| 541801 K 3 -

Year/H:0 No. of occurrence/5| 5 K ¥ Species of codomination/2& [|] 5 % iy i

2001 ) Chattonella marina var. ovata YR N EE UG 288 ~
Dictyocha octonaria T

2003 1 Chattonella sp. 0310 #3 /g3 0310

2004 1 Prorocentrum micans ¥ J5UH 5

2012 ! i

2014 1 Chattonella sp. 0310 #3135 0310

Total/Z&84 : 6

1 In 2001, culture fish loss was recorded in northeast region of Hong Kong waters during the blooms.

20014 » JiA 7 B T LTI K ISR 28 (N AL W S50 757 2T OB o
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Chattonella marina. Figures 1-2: Live cells showing numerous green to yellowish-brown
ellipsoid chloroplasts arranged radially; a tail-like protrusion at the posterior end. Figure 3: Live
cultured cell. Figure 4: Cell starting to round off after ceasing to swim. Figure 5: Cell surface
covered with numerous electron-dense (osmiophilic) particles. Figures 6-8: Fixed cells in
various shapes.

PR I o Bl 1-2 - 35 A AT 5 R TS SR 91 10k € i 4 Cu RS IR TS B 2 5 R0 2R 8
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Chattonella marina var. ovata
15 I 35 B R 52 bl

(Hara & Chihara) Demura & Kawachi, 2009

Phylum: Ochrophyta " : e
Class: Raphidophyceae W : e
Order: Chattonellales H : s H
Family: Chattonellaceae B - R

Imai & Yamaguchi, 2012

Synonyms ¥£ 4 :
Chattonella ovata Hara & Chihara 1994

Description:

Chattonella marina var. ovata is solitary, ovoid or obovoid, fairly flattened and the cell size ranges from 39 -
100 wm in length and 24 - 50 wm in width. The 2 subequal, heterodynamic flagella emerge from the bottom of
an anterior depression in the cell. The cell contains numerous yellowish brown ellipsoid chloroplasts arranged
radially with vacuoles among chloroplasts. 1 pyrenoid is located on the inner pole of the chloroplasts. Electron-
dense (osmiophilic) particles are present in the peripheral cytoplasm. Contractile vacuole, eyespot and mucocyst
are absent.

Toxicity:
Overseas research reported that C. marina var. ovata is capable of producing oxygen radicals and hydrogen
peroxide compounds, resulting in fish kills.
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TRt I v S R 5 R DA S R (T e B > AR 2 > 2B sEINIE » A T-39 - 10058k » AT
24 = 506K o 2ME R EMAMHE 2 A RGBS > AN A MR D o ANiE R R
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1k
ARSI SRR L B P W MR ST S R ) e A S P2 ~ B RL A A > WRIBERBET -

Occurrence of bloom(s) in Hong Kong /¢ 75 s 5| 841K 8 -

Year/H-An No. of occurrence/5 | #§ K ¥ Species of codomination/2& [F] 5 % iy i
1991 1 -
s Chattonella marina ¥ FEAE I ~
2001 ! Dictyocha octonaria t i
1 Dictyocha octonaria Tt i 5
Total/ 4% : 4

1 In 2001, culture fish loss was recorded in southeast and northeast region of Hong Kong waters during the blooms.
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Chattonella marina var. ovata. Figures 1-3: Live cells showing numerous yellowish-brown
ellipsoid chloroplasts arranged radially; vacuoles located among chloroplasts (arrow); a large
teardrop-shaped nucleus at the cell centre. Figures 4-5: Live cells starting to round off after
ceasing to swim. Figure 6: Cell surface covered with numerous electron-dense (osmiophilic)
particles. Figures 7-10: Fixed cells in various shapes.

PR e DN TSR RE o Dl 1-3 < G AN AT S 5 S TS D7) 405 i C G IR T S8 Ak 5 kit
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Chattonella sp. 0310
Wil 0310

Biecheler, 1936

Phylum: Ochrophyta " : e
Class: Raphidophyceae s R
Order: Chattonellales H : s H
Family: Chattonellaceae B - R
Description:

This species bloomed once in Hong Kong waters in October 2003. It has been identified to the genus level and
is named as Chattonella sp. 0310. According to the findings, it belongs to the genus of Chattonella. 1t is solitary,
highly variable in shape from pear-shape, oblong to ovoid with 2 flagella emerging subapically in depression and
1 tiny posterior tail. The cell size ranges from 18 - 24 um in length and 10 - 14 wm in width. The cell contains
many green to yellowish green ellipsoid chloroplasts and 1 naked pyrenoid. No electron-dense (osmiophilic)
particle is present in the peripheral cytoplasm.
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b Pl U FE20034F 10 H A B e AR S5 | 388 20— SR AL ) » Wbl el 2 o I o i 4 2 ¥ U203 10 o AR
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Occurrence of bloom(s) in Hong Kong /¢ 75 i 5| 841001 K 8 -

Year/H:4% No. of occurrence/5| 5§ % % Species of codomination/3 [l 5| #§ i i
2003 1 Chattonella marina ¥ ¥ Il 3
2014 1 Chattonella marina {74 5
Total/4&8 - 2
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Chattonella sp. 0310. Figures 1-4: Live cells in various shapes; numerous green to yellowish-
green ellipsoid chloroplasts arranged radially; a tail-like hyaline protrusion (arrows) at the
posterior end. Figures 5-6: Cells starting to round off after ceasing to swim. Figures 7-9: Fixed
cells in various shapes.

WEE0310 o il 1-4 - A FETARIIE A 5 AP & R B Ak w Ak I EDE Sk > 2
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Dictyocha octonaria

e 5

Ehrenberg, 1839

Phylum: Ochrophyta M : P
Class: Dictyochophyceae 2 - T 2
Order: Dictyochales H : wifiis: H
Family: Dictyochaeceae B BERIEERE

Tomas et al., 1997

Synonyms ¥£4; :
Distephanus speculum var. octararius (Ehrenberg) Jorgensen 1899 and Octactis octonaria (Ehrenberg) Hovasse
1946

Description:

Dictyocha octonaria* has different morphologies at different stages of its life cycle. One is a uninucleate, a silica
skeleton-producing form, and followed by a multinucleate amoeba like stage and then a uninucleate naked stage.
This species has several spines extruding from the basal ring skeleton at the stages of the skeleton-producing form
and the uninucleate naked form. The number of spines is observed from 6-10 on each cell. The cell has only 1
long flagellum at the skeleton-producing stage. The cell bears 1 long flagellum which is known as mastigonemes
and 1 very short vestigial smooth flagellum at the naked stage. The cell size ranges from 15 - 30 uwm in diameter.
The cell contains numerous chloroplasts at both stages.
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MM fE A [F AR A A R R R - H—RHEEEWE SRR NIERE » BE2 2 %2
IR L 2 IR ] > R /e B ROIR IR DT o 428 ThRRAE 5 8% S QYL Re N R ROIRNE T IR > A5 el TED R
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Occurrence of bloom(s) in Hong Kong /16 &5 #s 5| #8411 R Y

Year/5Ef3 | No. of occurrence/5| #§ K 85 Species of codomination/3: [vl 5| %8 i i
1992 1 -
5 Chattonella marina W ERB I ~
2001 Chattonella marina var. ovata v ¥ I35 51 T 5%
1 Chattonella marina var. ovata
TP ML O T 2
2006 1 Noctiluca scintillans 1% Y635
2012 1 -
2016 | Akasbiwq sangU{he'zi AL R ~
Noctiluca scintillans ¢ Y635
Total/4884 - 7

*  Previously, the speciman found in Hong Kong was named as Dictyocha speculum. Later based on the study findings and the morphology
description, the specimen found to resembles the species presented as Octactis octonaria by Tomas, C.R. (1997), Chang, F.H. (2015) and
Chang, F.H. & Gall, M (2016) and thereore it is renamed to Dictyocha octonaria.

* o DUTAE B MBS T AR IR AN W i 4 2 < SORIRE RIS > AW JEMNAS SRS IR TR ER I A8 » BEBUAEIYEE AR Bl Tomas, CR. (1997), Chang, F.H.
(2015) Al Chang, F.H. & Gall, M (2016) Jitiale 147 ek #8256 53 RHABL » ] 151 5 Vo o L iy 44 2 REE A5 o
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Dictyocha octonaria. Figures 1-3: Various cells with different number of extruding spines.
Figure 4: Live cell contains numerous chloroplasts; phase contrast.
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Dunaliella sp.
Teodoresco, 1905
Phylum: Chlorophyta " BREEM
Class: Chlorophyceae R S
Order: Volvocales H : BlEH
Family: Dunaliellaceae B A ICER
Tomas et al., 1997
Description:

Dunaliella sp. is motile and unicellular. It is a rod to ovoid or spherical shaped green alga. The cell bears 2 flagella
and is surrounded by a thick sheath without the cell wall. The length of flagella is almost equal to the cell length.
The cell size ranges from 5 - 24 um in length. The cell contains numerous cup-shaped chloroplasts, 1 eyespot
and 1 large pyrenoid.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/4E-A53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ %5 i Fifi
2012 2 -
Total/#8% : 2
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4

Dunaliella sp. Figures 1-2: Various live cells showing an eyespot (arrows) and a large pyrenoid
(arrow heads). Figure 3: Live cells from red tide sample. Figure 4: Fixed cell.
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Eutreptiella sp.

da Cunha, 1914

Phylum: Euglenozoa [ 53
Class: Euglenoidea W c R
Order: Eutreptiida H : SEEEH
Family: Eutreptiaceae B o SLEEEERL

Tomas et al., 1997

Synonyms ¥4, :
Gymnastica Schiller 1925 and Tetreutreptia McLachlan, Seguel & Fritz 1994

Description:

Eutreptiella sp. is ovoid to elongated, slightly flat in shape and occurs solitarily. 2 flagella with unequal length
emerge from canal at the anterior end. The cell size ranges from 15 - 115 wm in length. The cell membrane is
thin and distinctly striate. The cell contains numerous small disc-shaped chloroplasts and the cell is green. 1 red
eyespot is present and a nucleus is located posteriorly of the cell.

fiak
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Occurrence of bloom(s) in Hong Kong /¢ 75 i 5| 84101 K 8 -

Year/H-An No. of occurrence/5 | #§ K ¥ Species of codomination/2& [F] 5 % iy i
1987 1 -
1088 . Gonyaulax polygramma % SR ~
Noctiluca scintillans T Y615
1 Noctiluca scintillans % Y635
1994 Noctiluca scintillans & Y65 ~

Prorocentrum triestinum 22 3% )i H 35

Total/Z&8 : 4
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Eutreptiella sp. Figures 1-2: Live cells showing numerous small green disc-shaped chloroplasts

and a red eyespot located anteriorly of the cell (arrow). Figure 3: Cell membrane with distinct
striate. Figure 4: Live cells in various shapes.
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Fibrocapsa japonica

1 i

Toriumi and Takano, 1973

Phylum: Ochrophyta " : e
Class: Raphidophyceae s R
Order: Chattonellales H : s H
Family: Chattonellaceae B - R \

Tomas et al., 1997

Synonyms ¥£ 44 :
Chattonella japonica (Toriumi and Takano) Loeblich III and Fine 1977

Description:

Fibrocapsa japonica is solitary, slightly flattened and ovoid in shape. The cell size ranges from 20 - 30 um in
length and 15 - 17 um in width. The anterior flagellum is as long as the cell and the posterior flagellum is 1.2
times of the cell's length; both 2 flagella emerge from an anterior gullet. The nucleus is situated at the centre of the
cell. Many discoidal, yellowish brown to golden brown chloroplasts are densely packed in the cell and 1 pyrenoid
is present in each chloroplast. A number of rod-shaped mucocysts are concentrated at the posterior end of the cell.
Contractile vacuole and eyespot are absent.

Toxicity:
Overseas research reported that F. japonicais capable of producing 5 neurotoxic compounds similar to brevetoxins
which cause fish kill. The toxicity of the Hong Kong strain is uncertain.
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Occurrence of bloom(s) in Hong Kong /£ & s 5| 541X 3

Year/5:-05 No. of occurrence/5 | % K 8 Species of codomination/3: [vl 5[ 3§ i il
2008 2 -
Total/Z&84 : 2
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Fibrocapsa japonica. Figures 1-3: Live cells showing ovate or obovate shape with numerous
discoidal, golden-brown chloroplasts; a number of rod-shaped mucocysts (arrow) concentrated
at the posterior end of the cell. Figure 4: Many electron-dense particles scattered on the cell
surface. Figure 5: Cell undergoes division. Figures 6-7: Fixed cells showing each chloroplast
containing a pyrenoid (arrow haeds).
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Haematococcus pluvialis

Flotow, 1844

Phylum: Chlorophyta " BREEM
Class: Chlorophyceae R S
Order: Volvocales H : B#H

Family: Haematococcaceae  Fl : ZLEREF}

Hansgirg, 1886

Synonyms ¥4, :
Volvox lacustris Girod-Chantrans 1802, Haematococcus lacustris (Girod-Chantrans) Rostafinski 1875, Sphaerella
lacustris (Girod-Chantrans) Wittrock 1883 and Sphaerella pluvialis (Flotow) Wittrock 1883

Description:

Haematococcus pluvialis is a freshwater species. It is a unicellular green alga with 2 flagella. A gelatinous sheath
surround the alga. The cell has 2 types (green motile cell and red non-motile cell) of cell morphology depending
on different environmental conditions. It is ellipsoid or spherical shaped. The cell size ranges from 3 - 6 um
in length. The cell contains a chloroplast, a pyrenoid eyespot and contractile vacuoles. Nucleus is located at the
centre of the cell.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/4E45} No. of occurrence/5 | #§X# | Species of codomination/2k [ 5[ #§ i Ff
2000 1 -
2004 3
2014 1
Total/Z&%Y : 5
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Haematococcus pluvialis. Figures 1-3: Live red non-motile cells . Figure 4: Fixed cells. Figure
5: Live single cell. Figure 6: Live single cell undergoes division.
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Hermesinum adriaticum ;O
ys > . -.

Vo P ) vt i T A A
Zacharias, 1906 f\{;} \

" AQ N
Phylum: Protozoa incertae sedis L :_;-'
Class: Ebriophyceae J.l /
Order: Ebriales N rs f
Family: Ebriopsidaceae A

Tomas et al., 1997

Description:

Hermesinum adriaticum is mostly rhomboid in shape and bears 4 primary branches to its internal siliceous
skeleton in tetraxial arrangement. The cell is surrounding the skeleton composed of solid elements with nucleus
enclosed. The skeleton of this species is asymmetrical and the cell occurs solitarily. The cell size ranges from
45 - 50 wm in length. 2 unequal flagella are smooth, taper gradually, emerging from the cell at divergent angles.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/4E453 No. of occurrence/5 | #§X# | Species of codomination/3E [ 5[ %5 i ff
2000 1 -
Total/488 : 1
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Hermesinum adriaticum. Figure 1: Live single cell . Figure 2: Cell undergoes division. Figure 3:
Live cells in various shapes. Figure 4: Same siliceous skeleton in various angles.
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Heterosigma akashiwo

o 0 S
(Hada) Hara & Chihara,1987

Phylum: Ochrophyta " : e
Class: Raphidophyceae W : e
Order: Chattonellales H : s H
Family: Chattonellaceae B - R

Tomas et al., 1997
Synonyms ¥£4; :
Olisthodiscus carterae Hulburt 1965, Entomosigma akashiwo Hada 1967, Heterosigma inlandica Hada 1968,
Chattonella inlandica (Hada) Loeblich Il & Fine 1977, Chattonella akashiwo (Hada) Loeblich III 1979 and
Heterosigma carterae (Hullbert) Taylor 1992

Description:

Heterosigma akashiwo is solitary, small, potato-shaped, slightly dorsoventrally compressed. The cell size
ranges from 8 - 25 wm in length and 6 - 15 wm in width. The 2 subequal, heterodynamic flagella emerge
from an antero-lateral groove and exhibit a spirally swimming pattern. The cell contains numerous disc-shaped
yellowish brown chloroplasts, each with 1 pyrenoid. A teardrop-shaped nucleus is situated in the centre of the
cell. Contractile vacuole and eyespot are absent, while mucocysts are present along the cell periphery. The cell
preserved in Lugol's solution often attains a characteristic raspberry shape.

Toxicity:
Overseas research reported that H. akashiwo might be capable of producing neurotoxins and causing fish kill by
gill damage. The toxicity of the Hong Kong strain is uncertain.
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Occurrence of bloom(s) in Hong Kong / 1& 7 i 5| #5411 X B
From 1975 to 2017, 28 red tide incidents caused by Heterosigma akashiwo were recorded in Hong Kong waters.
Refer to Appendix XI for detailed information.
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Heterosigma akashiwo. Figure 1: Live cell in lateral view showing slightly dorsoventrally
compressed shape; numerous disc-shaped yellowish-brown chloroplasts, each with pyrenoid.

Figure 2: Live cell in dorsal view. Figure 3: Live cultured cells. Figure 4: Aged cultured cell. Figures
5-6: Fixed cells.
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Mesodinium rubrum

AL v

Lohmann, 1908

Phylum: Ciliophora M : #EM
Class: Litostomatea A BELIA
Order: Cyclotrichiida H : 8%EH
Family: Mesodiniidae B« thEp

Lohmann, 1908

Synonyms ¥4, :
Mpyrionecta rubra Lohmann 1908

Description:

Mesodinium rubrum is a ciliate and occurs solitarily. The cell size ranges from 15 - 70 um in length. The cell is
distinguished by 2-lobed round shape and many flagella are present in the centre of the cell. The anterior narrows
apically and the posterior is broadly round. The cell is in brown or rusty red colour.
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Occurrence of bloom(s) in Hong Kong /£ 7 s 5| 541X 3
From 1975 to 2017, 62 red tide incidents caused by Mesodinium rubrum were recorded in Hong Kong waters.
Refer to Appendix XII for detailed information.
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Mesodinium rubrum. Figures 1-3: Live cells in lateral view. Figure 4: Live cell in apical view.
Figures 5-6: Fixed cells.
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Microglena uva-maris

(RE P LATE)

(Butcher) Demchenko, Mikhailyuk & Proschold, 2012

Phylum: Ochrophyta " : e
Class: Chrysophyceae i TERA
Order: Synurales H : ¥ H

Family: Mallomonadaceae Bl : R4

Demchenko et al., 2012

Synonyms ¥4, :
Chlamydomonas uva-maris Butcher 1959

Description:

The cell of Microglena uva-maris is solitary, mostly round, radially symmetrical and dorsoventrally flattened. 2
equal flagella emerge at the anterior end and the cell is surrounded by a gelatinous sheath. The cell size ranges
from 8 - 16 wm in length and 6 - 8 wm in width. The cell contains 1 single green chloroplast, 1 large red
eyespot and a nucleus located at the centre of the cell.
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Occurrence of bloom(s) in Hong Kong /£ & s 5| 841X 3

Year/5:-05 No. of occurrence/5 | % KX 8 Species of codomination/3t: [vl 5[ 3§ i il
1994 1 Thalassomonas sp. -3
2004 1
Total/Z4%Y : 2
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Microglena uva-maris. Figures 1-2: Cells broadly ovoid with round posterior; 2 equal flagella

emerge at the anterior end and the cell surrounded by a gelatinous shealth; a red eyespot is large
and diffuse. Figure 3-4: Cysts.
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Phaeocystis globosa AT

Scherffel, 1899

Phylum: Haptophyta M el .
Class: Prymnesiophyceae U eyt [ Py
Order: Phaeocystales H : tigsH \~)
Family: Phaeocystaceae B : RER

Tomas et al., 1997
Description:

Phaeocystis globosa forms spherical, gelatinous colonies which can be up to 2 cm in diameter. Cells are distributed
on the surface layer of the colony. The cell, embedded in mucilage, is around 3 - 9 wm. Each cell contains 2
parietal yellowish brown chloroplasts but usually lacks flagella and haptonema. There are at least two different
stages in its life cycle (colony-forming phase and one or more unicellular stage). The unicellular stage is a
biflagellate with a very short haptonema. The cell can produce thread-like material and the proximal part is
arranged in pentagonal form.

Toxicity:

Overseas research reported that P. globosa is a foam-producing species that causes harmful effect to fish. It can
generate mucilage which clogs fish gills. During blooms, the gelatinous colonies can also form huge mass of
foams on beaches which reduces aesthetic and recreational values.
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Occurrence of bloom(s) in Hong Kong/ ¢ &5 i 5| 541K 8 -

Year/H-An No. of occurrence/5| 5 K ¥ Species of codomination/2& [F] 5[ % iy i
2002 1 -
2004
2005
2006
2008
2009
2010
2011
2013
2014
2016
2017

Total/Z&8 : 16
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Phaeocystis globosa. Figure 1: Live spherical colony (8mm in diameter). Figure 2: Live
cultured colony (95um in diameter). Figure 3: Individual cells scatter on the surface of the
colony. Figures 4-5: Fixed cells. Figures 6-7: Live non-motile cell showing 2 yellowish-brown
chloroplasts and no flagellum. Figure 8: Live motile cell (zooid) showing 2 flagella and 1
heptonema (arrow).
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Plagioselmis prolonga

UIESS R YR

Butcher ex Novarino, Lucas & Morrall, 1994

Phylum: Cryptophta " : FEEEM
Class: Cryptophyceae W c BEeA
Order: Pyrenomonadales H : R#H
Family: Geminigeraceae P : BEER

Tomas et al., 1997

Synonyms 5244 :
Plagioselmis punctata Butcher 1967

Description:

The cell of Plagioselmis prolonga is ovoid, flattened and teardrop-shaped with ventral furrow in lateral view. It is
round at the anterior and tail-liked at the posterior end and it occurs solitarily. The cell size ranges 5 - 10 wm in
length and 3 - 5 um in width. 2 subequal flagella emerge from a depression at the subapical end. A mid-ventral
band is present. The surface of cell body is covered with large hexagonal plates while 1 sheet-like surface covers
on the pointed and ventrally curved posterior tail.
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Occurrence of bloom(s) in Hong Kong / 1£ 75 i 5| #4181 R 8 :

Year/4E-A53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ %5 i i

1984 3 -

1985 1

1996 1

) .

2000 | Peridinium quinquecorne Tl % 15 ~
Scrippsiella trochoidea B IR 1U7 KC 5

2002 1

2005 ) Heterocapsa rotun‘data LT ~
Heterosigma akashiwo 78] %455 35

2009 1

2017 1

Total/A88 : 12
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Plagioselmis prolonga. Figures 1-2: Various cells in lateral view showing teardrop-shape with a
round anterior end and a tail-like posterior end. Figure 3: Fixed cell in lateral view showing a
pyrenoid (arrow head) with a thin starch sheath. Figure 4: Fixed cells in various shape showing 2
subequal flagella (arrows) emerge from a depression at the subapical end.
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Teleaulax acuta

S S
2R FE AT v 3
(Butcher) Hill, 1991
Phylum: Cryptophyta " : FEEEM
Class: Cryptophyceae W c BEeA
Order: Pyrenomonadales H : R#H
Family: Geminigeraceae P : BEER

Tomas et al., 1997

Synonyms ¥4, :
Cryptomonas acuta Butcher 1952

Description:

Teleaulax acuta is ovoid and asymmetrical but flattened in ventral view with an apical or subapical long furrow.
It occurs solitarily. The anterior of the cell is rostrate and pointed at posterior. The cell size ranges from 12 - 16
wm in length. 2 flagella emerge from the upper end of a ventral furrow (depression at the apical end). 1 sheet-like
periplast covers the entire cell surface including the posterior end. The cell contains 1 boat-shaped chloroplast, 1
central pyrenoid and 1 nucleus.
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Occurrence of bloom(s) in Hong Kong / 1¢ 75 i 5| #5418 K B

Year/4E-A53 No. of occurrence/5| %5 K Species of codomination/2E [ 5[ %5 i i
1983 -

1986 -
Leptocylindrus danicus 284l 3

1987

1997

2001

2004

2013 -

2014 Thalassiosira pseudonana i 75 v S
Total/#45H : 9

—_ == ===

198



EAr s S SR

Red Tide Species in Hong Kong

e

YR 2

®
>
& b
. AN . T

Teleaulax acuta. Figure 1: Live cell in lateral view showing the rostrate anterior and the pointed
posterior. Figure 2: Live cell in ventral view showing 5 longitudinal rows of ejectosomes (arrow).
Figure 3: Live cell in lateral-ventral view showing the long deep furrow extending for about half of
the cell length (arrow head). Figure 4: Live cells with focus on cell surface. Figure 5: Fixed cells.
Figure 6: The same fixed cell in different view showing the pyrenoid surrounded by starch sheath.
Figure 7: Bloom cells from the field.
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Trichodesmium erythraeum

ARG EE

Ehrenberg ex Gomont, 1892

Phylum: Cyanobacteria M BEM
Class: Cyanophyceae A EHA
Order: Oscillatoriales H : BigH
Family: Phormidiaceae P : R

Gomont, 1890

Synonyms ¢4 :
Oscillaria erythraea (Ehrenberg) Kiilitzing 1843, Trichodesmium ehrenbergii Montagne 1844, Trichodesmium
hindsii Montagne 1844, Oscillatoria erythraca (Ehrenberg) Geitler 1932 and Skujaella erythraea (Ehrenberg ex
Gomont) Toni 1938

Description:

Trichodesmium erythracum is a tropical filamentous alga with straight trichomes oriented parallel in bundles.
The length of each trichome is around 60 - 750 wm; the cell size ranges from 4.5 - 21 um in length, 6 - 15
wm in width and its length is usually shorter than its width. The apical cell is hemispherical, conical or convex
with calyptras at the end of the trichomes. The colony form appears red in colour.

Toxicity:
Overseas research reported that 7. erythraeum is a toxic species which causes fish kill. It is also suspected to
produce microcystins that might be a nuisance to swimmers. The toxicity of the Hong Kong strain is uncertain.

fii ik

AL R B2 B AR EE » BEARTEEL » SEATHEFDR IO o EEAR R AT T-60 - 7T50080K 5 AR T
4.5 = 216K » RS 16 - 156K » AR B — i LU R B IS 06 o 38 A6 T i 400 M 52 2 R0 ~ o sa™
1 > FEHAR A DR - BERE R AL o

S
AR B SCIRR e I AL i o B v R S OB T o B W RE O AR P S 3 > BHIFA AT
H o FHbE PRIy A N R RERERE o

Occurrence of bloom(s) in Hong Kong /75 75 #& 5| B AL X %Y -

Year/5E-{% No. of occurrence/5| 3§ K i Species of codomination/2& [F] 5 % iy i
1980 1 Noctiluca scintillans 1 65

1984 1

2003 1

2004 8

2

1

1

Trichodesmium thiebautii $35 IS K B

2007
2009
2015

Total/Z&8Y : 15
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Trichodesmium erythraeum. Figures 1-3: Trichomes showing the width of individual cells are

usually wider than their length. Figures 4-5: Trichomes are straight and oriented parallel in bundles.
Figure 6: Apical cell is hemispherical, conical or convex with calyptra (arrow).
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Trichodesmium thiebautii

Gomont ex Gomont, 1890

Phylum: Cyanobacteria M BEM
Class: Cyanophyceae A EHA
Order: Oscillatoriales H : BigH
Family: Phormidiaceae P : R

Gomont, 1890

Synonyms ¥4, :
Oscillatoria thiebautii (Gomont ex Gomont) Geitler 1932 and Skujaella thiebautii (Gomont ex Gomont) Toni
1939

Description:

Trichodesmium thiebautii is a tropical filamentous alga. The colony form of 7. thiebautii is highly variable,
ranging from bundles of trichomes winded together, spherical to rope-like form with radiating trichomes. The
trichome size ranges from 5 - 16 wm in diameter and the cell can be twice as long as in its width. The apical
cell is round or flattened with or without calyptra at the end of the trichomes. Colonies are usually buoyant and
about 1 - 3 mm in size. They usually appear golden brown in colour but can also vary from grey, brown to red.

Toxicity:
Overseas research reported that 7. thiebautii can cause neurointoxication and may produce neurotoxin which has
an impact similar to anatoxin-a. The toxicity of the Hong Kong strain is uncertain.

ik

BRI B BT AOREE » VRIS R > WAt R R vy AR B ~ BORIRIR » 78 v] 2 AEZIREY
DA o MEARELISAT T-5 - 166K » AN B v FERE B R Wi o Tebm AN 2 B 80R - » 54
A s B A BRIRZ G WE IR o Pl — I kil » K/DEYT - 322K > Bt DlEm @z E > HIE AN
B > BIAK ~ #aDIBALERY o

1
AR S B SRR s B ] 5| SR v 7% > i s e A — RS AR 3R > B A IR B
Rpz-all AL o FAEEEPRINY AR 1R N R RERERE o

Occurrence of bloom(s) in Hong Kong /£ & s 5| 541X 3

Year/5:-05 No. of occurrence/5 | % K 8 Species of codomination/3: [vl 5[ 3§ i il
2003 1 Trichodesmium erythracum #1ifF 4 B
Total/#8%Y - 1
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Red Tide Species in Hong Kong

Trichodesmium thiebautii. Figure 1: Trichomes are slightly flexuous or well curled. Figures 2-3:
Apical cells of trichomes are round or flattened without calyptras. Figure 4: Trichomes showing the
length of individual cells usually longer than their width, and can be twice as long as their width.
Figures 5-6: Trichomes forming radially arranged, spherical or rope-like colony, sometimes up to
3mminsize.

PR B o [ 1 - EEARTI M sRER LR il o BE2-3 : AR THANIY 2 DR sUm - > BEHR R b
BRGNS o B4 - G S sn T AN o R o B LW EURA B R o [ 5-6 - skl
TR TE RS ~ BRI sRARZIRARED - AEREE A R AE3 2ZR K o
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B3R/ E5|

Checklist of Red Tide Causative Species from 1975 -2017
1975 220174 AL i) el — BE 3

Percentage Potential
. . . of occurrence | harmful algae Ca?sed fish
Red tide causi'tlve species Group Occur‘rince HML* YN kill ?(/N ‘ Page
AL A il HE Ve LTI | e s Elﬁg.ﬁ}it H
/AR T/
Akashiwo sanguinea Dinoflagellates 18 M N N %
AL RIS PP ah & A
Alexandrium catenella Dinoflagellates 5 L Y N o8
LR TR AR LK FH 1% s &
Alexandrium tamarense Dinoflagellates 5 L Y N 100
B FG i R LR PR LIS P &
Cerataulina pelagica Diatoms 3 L N N 38
PR A Tk K & 4
Ceratoneis closterium Diatoms { L N N 40
B H g ek {18 & &
Chaetoceros curvisetus Diatoms 3 L N N 0
TiesHE £ s Tk K & 4
Chaetoceros pseudocurvisetus Diatoms 5 L N N m
RSB ek {18 & &
Chaetoceros salsugineum Diatoms 6 L N N 16
RS G 1% s 4
Chaetoceros socialis Diatoms 3 L N N 43
A B ek LIS & &
Chaetoceros tenuissimus Diatoms ! L N N 50
M BE ek 1% s s
Chattonella marina Others 6 L Y Y 170
biS3ER 2]l URE Fifts {18 P H
Chattonella marina var. ovata Others 4 L Y Y 17
HPE R O R S Foftl 1% e ]
Chattonella sp. 0310 Others 5 L N N 174
i 0310 Fifth i & A
Cochlodinium convolutum Dinoflagellates ! L N N 102
& e FHE 1% & A
Conticribra weisstlogii Diatoms ) L N N 5
A ERC ek {18 & &
Cyclotella choctawhatcheeana Diatoms 5 L N N 54
TN ek {LiS s &
Dactyliosolen fragilissimus Diatoms 8 L N N 56
a4 et LS & &
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Percentage Potential
: : : of occurrence | harmful algae Cagsed fish
Red tide causative species Group Occurrence H/MIL* YN kill Y/N ‘ Page
FARCIATYE AL HE YL Tl [ P é‘lﬁg@iﬁ:ﬁt H
i/ R/% B
Dactyliosolen phuketensis Diatoms ) L N N 58
TR Tk {18 & &
Diadesmis sp. Diatoms ) L N N 60
eSS Tk LIS & &
Dictyocha octonaria Others 7 L N N 176
ek 35 Fifts {18 & &
Dunaliella sp. Others 5 L N N 178
iNaE Y] Fifly LIS & &
Eucampia zodiacus Diatoms 3 L N N 6
TN £ Tk {18 & &
Eutreptiella sp. Others 4 L N N 130
SRR Fifts LIS & &
Fibrocapsa japonica Others 5 L Y N 182
B Fifts {18 i &
Gonyaulax polygramma Dinoflagellates 56 M N N 104
% BUR FH r & &
Gonyaulax verior Dinoflagellates ) L N N 106
B I FH {LiS & A
Guinardia delicatula Diatoms 5 L N N 64
T4 R N R fef e LIS & 5
Guinardia striata Diatoms ) L N N 66
RRAUFR N R Tk {LiS & &
Gymnodinium impudicum Dinoflagellates ) L N N 108
AR P 5 FH LIS & &
Gymnodinium simplex Dinoflagellates 4 L N N 110
] B4 P PR {LiS 5 A
Gymnodinium sp.X Dinoflagellates ) L Y Y 12
PREFEEX FH LIS i H
Gyrodinium spirale Dinoflagellates ) L N N 114
U Bt PR {LiS & A
Haematococcus pluvialis Others 5 L N N 184
WY AL R Fifts LIS & &
Hermesinum adriaticum Others ) L N N 186
CHEGYRI GRS B Fifts {18 i s
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BXR/E5|

Checklist of Red Tide Causative Species from 1975 -2017
1975 Z2201 74 AL i) el — BE 3

Percentage Potential
Caused fish
. . . of occurrence | harmful algae i
Red tide causative species Group Occurrence H/MIL* YN kill Y/N Page
AR A S8R o | SIS | H
" BURETAL | MRS | T
/g £/ B
Heterocapsa circularisquama Dinoflagellates 17 M Y N 16
I fg e A I eN v &
Heterocapsa pygmaea Dinoflagellates L N N
P i 1 1% % s |
Heterocapsa rotundata Dinoflagellates 3 L N N 120
LI I I w *
Heterosigma akashiwo Others 28 M Y N 188
7 B Hoflt G s %
Karenia digitata Dinoflagellates 9 L Y Y 1
e ol fim e g 1% y H
Karenia longicanalis Dinoflagellates L N N
S i 1 1% % s |
Karenia mikimotoi Dinoflagellates D M Y Y 126
K S i 5 FE e P H
Karenia papilionacea Dinoflagellates 5 L Y N 128
TR HL fie FE 1K & &
Karlodinium veneficum Dinoflagellates 1 L Y N 130
IR SN pd g 1% s &
Leptocylindrus danicus Diatoms 4 L N N 6
FHEHIAE Tk i & ?:f
Leptocylindrus minimus Diatoms 10 L N N 70
TR/ Tk 1% & &
Levanderina fissa Dinoflagellates 6 L N N 1%
TR R 1K & 5
Margalefidinium polykrikoides Dinoflagellates 5 L Y N 134
(CRAETSCARE) g I P w
Mesodinium rubrum Others & M N N 190
AL Hofitt G % ?:?
Microglena uva-maris Others 5 L N N 19
(CRAETSCATE) Fofth I & &
Nitzschia incerta Diatoms 5 L N N 7
EI Tk 1% & ?:?
Noctiluca scintillans Dinoflagellates 287 H N N 136
RO I (= & &
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Percentage Potential
. . . of occurrence | harmful algae Cal}sed fish
Red tide ca}usatlve species Group Occurrence H/M/L* YN kill ?{/N ) Page
AL i AL 18R Tl [ e E'Iﬁgé./’iﬁ:%t H
/A £/ 3
Peridinium quinquecorne Dinoflagellates { L N N 138
FivIEZ b FH LIS i s
Phaeocystis globosa Others 16 M Y N 104
BB A 5 Hoflr GR 7 S
Plagioselmis prolonga Others 0 M N N 196
fef Rt Ho Al iL i s
Polykrikos geminatum Dinoflagellates 9 L N N 140
JLPEEZ ¢ B {LiS S 5
Prorocentrum balticum Dinoflagellates 3 L N N 142
R I T Y FH LIS i s
Prorocentrum cordatum Dinoflagellates 47 M Y N 144
DR R Ea 2 s
Prorocentrum dentatum Dinoflagellates 15 M N N 146
A0 2 P FH iy i s
Prorocentrum gracile Dinoflagellates 16 M N N 148
A 5 P R Ea s &
Prorocentrum micans Dinoflagellates i1 M N N 150
AR I PR FH iy i s
Prorocentrum rhathymum Dinoflagellates i L Y N 152
162 )it 1 FE 1K g &
Prorocentrum triestinum Dinoflagellates 1 M N N 154
SRt H FH iy i s
Protoperidinium depressum Dinoflagellates i L N N 156
ICRR ek FE 1K & &
Pseudo-nitzschia delicatissima Diatoms 4 L Y N 24
TR FeE i 2 i
Pseudo-nitzschia pseudodelicatissima Diatoms 4 L Y N 26
BT 55 22 ) ek {Li5 pis &
Pseudo-nitzschia pungens Diatoms 6 L Y N 23
SR REZE T Tk LIS 2 &
Scrippsiella trochoidea Dinoflagellates 57 M N N 158
SER 1T FQ B FE EL w5 &
Skeletonema costatum Diatoms 67 M N N %0
e I Tk aL & &
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Checklist of Red Tide Causative Species from 1975 -2017
1975 20174 2L ) d el — B K

Percentage Potential
i ) ) of occurrence | harmful algae Cat,lsed fish
Red tide caus;ajtlve species Group Occur‘rince H/MIL* YN kill ?(/N ‘ Page
AR AL Ve i T | e s E‘rlﬂg/#;iﬁt H
/A T/
Takayama pulchella Dinoflagellates ! L Y N 160
ES) peop i PR {LiS 2 &
Teleaulax acuta Others 9 L N N 198
RFE A Fifts i i 7
Thalassiosira mala Diatoms g L N N %
ey S Tk {LiS & &
Thalassiosira pseudonana Diatoms 10 L N N 84
Thalassiosira tealata Diatoms 3 L N N %6
L DRI B Tk {LiS & &
Trichodesmium erythracum Others 15 M Y N 200
AR B Fifts e 7 4
Trichodesmium thiebautii Others 1 L Y N 202
HCRB Hoftly LIS P &
Trieres mobiliensis Diatoms ! L N N %8
Th I ek 1% % i
Trieres sinensis Diatoms ! L N N 90
rh 3 G Tk LIS & &
Tripos firca Dinoflagellates A1 M N N 162
X fiy: R G 7 4
Tripos nuelleri Dinoflagellates 1 L N N 164
= FH LIS w &

* H represents red tide occurrence more than 10% ; M represents red tide occurrence between 1 % and 10%; L represents red tide
occurrence less than 1%
i TRFALHI DI BRI 53 LRI 10% A RFEALIN 512 R B 43 P P 1% 10%. 2 [+ IRAREBALH 51 3 K 0E 5 LD
1%
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Distribution of Diatoms in various water regions

TS AR Il K 19 4 A

Red tide causative species

AL iRl

West | South | Southeast
W\ ow |k

East

Northeast
ik

Tolo
Harbour

I 2 v

Cerataulina pelagica #FF 455 i

*

Ceratoneis closterium i |5 )5 7

*

Chaetoceros curvisetus Jie s f G4

Chaetoceros pseudocurvisetus 55 fti B3

Chaetoceros salsugineum ff76:%4:

Chaetoceros socialis 2%k fi B 3%

L 2K 2K 2R 2

Chaetoceros tenuissimus &1 176G 3

Conticribra weisstlogir Ji% G i i 5

Cyclotella choctawhatcheeana /NBR v

Dactyliosolen fragilissimus i H& 55 1

L 4

Dactyliosolen phuketensis $555 %

Diadesmis sp. 252138

Eucampia zodiacus 77 B 45

Guinardia delicatula 2255 %% A i ¥

2

Guinardia striata 350 5% N i 35

Leptocylindrus danicus 28 AlAE 5

Leptocylindrus minimus 537N

Nitzschia incerta ZE W3

Pseudo-nitzschia delicatissima Ze 333 22 5

Pseudo-nitzschia pseudodelicatissima

[EEREE 232

Pseudo-nitzschia pungens 23R Bk ZE 135

Skeletonema costatum 5 53

Thalassiosira mala Y3 85

Thalassiosira pseudonana I {29 ik $li 3

L 2K 2K 2K 2K 2K 2R 2R 2K 2K SR 2

Thalassiosira tealata i i Bl

L 2
L 2K 2K 2K 2K 2K 2K 2R 4
L 4

Trieres mobiliensis &8 & %

L 2

Trieres sinensis WV3fE G 1
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Distribution of Dinoflagellates in various water regions

FHEEAE A W] K S8 52 A
Red tide causative species West | South | Southeast | East | Northeast H:r(;)l(())ur
FARGIRTY i} ] W " Bk -
Akashiwo sanguinea WAL 775 L 2 L 2 * L 2 4
Alexandrium catenella $I5R T R 111 /5 * *
Alexandrium tamarense ¥ J§ i JE LUK 3 2
Cochlodinium convolutum % Wi e 5 *
Gonyaulax polygramma % %W 5 L 2 L 2 2 4 2 2
Gonyaulax verior F i35 L 2
Gymnodinium impudicum IR H1 ¥ *
Gymnodinium simplex {&j ¥4t H 5 *
Gymnodinium sp.X #RF¥EEX *
Gyrodinium spirale WA B ¢
Heterocapsa circularisquama [Filfi 5 385 * *
Heterocapsa pygmaea S35 L 2
Heterocapsa rotundata S 3&5: * 4
Karenia digitata ¥ 5 S 5 * * * *
Karenia longicanalis =59 5 L 4
Karenia mikimotoi >k K9 {fi % * 2 2 2
Karenia papilionacea #8PES) ff 5 * * *
Karlodinium veneficum B 5 ## *
Levanderina fissa T4t 4 *
Margalefidinium polykrikoides (R4 L4 H%) 2 2 L 2
Noctiluca scintillans T Y635 2 2 2 2 * L 2
Peridinium quinquecorne .1 % H1 % *
Polykrikos geminatum B %5 1% 2 2 2
Prorocentrum balticum % % i1 )5 FH 56 2 4 L 2
Prorocentrum cordatum /0y i 5 2 4 2 2 2
Prorocentrum dentatum |75 )5 1 35 2 2 2 2
Prorocentrum gracile #1555 F 3 2 * L 2
Prorocentrum micans ¥ it F {5 2 2 L 4 2 4
Prorocentrum rhathymum 18 5 F 5 2
Prorocentrum triestinum 533 )5 F L 2
Protoperidinium depressum J - J5 % H 3 L 2
Scrippsiella trochoidea $ER 1T KK * * * * <
Takayama pulchella 3218 25 2
Tripos firca XL fH 7 * * * 2
Tripos muelleri = £ ffj35: 2
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Distribution of Others in various water regions

FL A A I FEAS 7] A Sk 9 5 A

Red tide causative species West | South | Southeast | East | Northeast H:r(:(())ur
AL i} 5] W H’ Hidk -
Chattonella marina i 4 3 L 2 2 * L 2
Chattonella marina var. ovata YR 9N 52 R L 2 2 L 2
Chattonella sp. 0310 #3135 0310 2
Dictyocha octonaria T i35 L 2 L 4 L 4
Dunaliella sp. #t B8 *
Eutreptiella sp. 5% S iR 522 4
Fibrocapsa japonica &t il L 2 ¢
Haematococcus pluvialis Wi 2 AL Bk 4
Hermesinum adriaticum ¥ {5 vt ek i s *
Heterosigma akashiwo 7] %25 2 2 * * 2
Mesodinium rubrum %1€ £ &5 2 L 2 2 4 2 *
Microglena uva-maris (A " X 45%) ¢
Phacocystis globosa BRI Ag 5 * L 2 * 2 2
Plagioselmis prolonga &} ¥ ¢
Teleaulax acuta 9@ 2= 75 5 * ¢
Trichodesmium erythracum #LH#F R B L 2 * L 4
Trichodesmium thiebautii $55 R B3 *
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ERhE Bx /&3

APPENDIX IV  Fij#5%pu

Occurrence of Skeletonema costatum blooms in Hong Kong/

Hh U O AR T D [ AL R B

Year/ 545 No. of occurrence/5 | #5X ¥ Species of codomination/3k [/ 51 % iy fif
1985 1 -
2 -
1986
1 Pseudo-nitzschia pungens J3I 2T 5
1987 8 -
7 -
1988 1 Gonyaulax polygramma % S ¥
1 Pseudo-nitzschia pseudodelicatissima {53325 1 3
6 -
1989 | Prorocentrum cordatum /0IE JF I ~
Prorocentrum triestinum 23 ) F 5
2 -
1990
1 Noctiluca scintillans 18 Y65
l -
1991 —
1 Tripos furca X ff3
1 -
1992 X Leptocylindrus minimus f§/NATEREE ~
Thalassiosira mala Y i 8
1995 2 -
1996 1 -
1 -
1998 1 Thalassiosira sp. 15
1 Leptocylindrus minimus f/NAIFESE ~
Thalassiosira sp. Wi
1999 1 -
3 -
Scrippsiella trochoidea $fi5IR 07 FG ¥ ~
1 - om
Thalassiosira sp. 15
2001 1 Chaetoceros salsugineum 4G5
3 Thalassiosira sp. Wi
| Chaetoceros tenuissimus #2763 ~
Thalassiosira pseudonana {2 i #i 5
2002 2 -
2003 1 Chaetoceros curvisetus Jye$ £ 63
3 -
2004 N
1 Thalassiosira sp. i
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APPENDIX 1V (Continue)

B ek (21)

Occurrence of Skeletonema costatum blooms in Hong Kong/

e B W B AL IR I

Year/ 453 No. of occurrence/5| FE K ¥ Species of codomination/Ak [ 5| 2§ i
2005 1 Thalassiosira sp.
2006 2 -
2007 1 -
2008 2 -
2009 1 Pseudo-nitzschia spp. 2 E4:
2012 1 -
Prorocentrum cordatum )5 HIFE ~
2014 1 Pseudo-nitzschia delicatissima Z 593t 2 H 35 ~
Pseudo-nitzschia pungens SRR TG
Total/Z48% : 67
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APPENDIXV [fi# T

Occurrence of Akashiwo sanguinea blooms in Hong Kong/

ML AT 75 08 A 7 4 5| e R U

Year/ £E453 No. of occurrence/5| #ER ¥ Species of codomination/#% ] 5| iyl
1984 1 Noctiluca scintillans T Y65
1995 1 -
1998 1 -
2000 2 -
2001 1 -
2007 1 -
2010 1 -
2011 2 -
2012 1 -
2014 2 -
1 -
2016 1 Noctiluca scintillans 1 Y5
1 Noctiluca scintillans % Y635 ~ Dictyocha octonaria Tt #ifi i
o017 1 Prorocentrum rhathymum 1 J5 H 5
1 Tripos furca X fi3:
Total/Z&% - 18
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Occurrence of Gonyaulax polygramma blooms in Hong Kong/

% UM AR T W D | AL IR B

Year/ F-45 No. of occurrence/5 [ 5K B Species of codomination/3E vl 5 %% iy ffi
1982 1 -
1986 1 -
22 -
1 Tripos furcaS fa s
| Prorocentrum cordatum /0I5 F G ~
Heterosigma akashiwo 7 5] 5455 3
1988 1 Prorocentrum cordatum /B FUEE ~ Noctiluca scintillans 1% 635
1 Noctiluca scintillans % Y635 ~ Eutreptiella sp. Y& EEHi e
1 Prorocentrum cordatum UM J5 1
1 Skeletonema costatum " 535
1 Noctiluca scintillans & Y635
1989 3 -
1990 1 -
1993 1 -
1994 2 -
7 .
1999
1 Prorocentrum balticum % 7 i 1 5 F 5
2000 1 -
2001 1 -
2009 2 -
2011 1 -
2 .
2014 | Prorocentrum cordatum I JFUF S ~
Heterosigma akashiwo 7] 5455
2015 1 -
2017 1 -
Total/#8% : 56
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APPENDIX VII {8t

Occurrence of Karenia mikimotoi blooms in Hong Kong/

oK P S 3 1 7 v 15| AL KU

Year/ £33 No. of occurrence/5| #§ K ¥ Species of codomination/#% ] 5| il
1980 ! 1 -
19812 1 -
19833 1 -
1986 2 -
1988 1 Scrippsiella trochoidea R T K s

Prorocentrum cordatum IS ~

e ! Prorocentrum gracile #l 5 Ji F g
2001 1 -
2003 1 -
2010 1 -
20154 1 -
20165 1 Karenia papilionacea 1 FE9)\ i ¥
Total/ #8Y : 12

1 In 1980, culture fish loss was recorded in Tolo Harbour region of Hong Kong waters during the blooms.
19804 » JivIH: 25 W/ St 28 R AL W Bk A5 SR P AR R o
2 In 1981, culture fish loss was recorded in South region of Hong Kong waters during the blooms.

198 L4F » 7% R T AR Sel A 8 I AT B A5 SR AR K o

3 In 1983, culture fish loss was recorded in Tolo Harbour region of Hong Kong waters during the blooms.

198345 > Jiv i W/ St 58 AU AL W Bk 19 SR LSRR o

4 In 2015, culture fish loss was recorded in Tolo Harbour region of Hong Kong waters during the blooms.
20155 > JATH: 2 v K e 58 RV AL S8 A AT SRR AU % o

5 In 2016, culture fish loss was recorded in Tolo Harbour and Northeast region of Hong Kong waters during the blooms.
201655 > AT HEITk % v Bz R LK Suf 88 AT 8 15 S T AT R o
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Occurrence of Noctiluca scintillans blooms in Hong Kong/

BOCTAE T A 5 AL TR, -

Year/ £33 No. of occurrence/5 | #E K% Species of codomination/3k [/ 55| % fi i
1975 2 -
1976 1 -
1977 3 -
1 Trichodesmium erythraeum %135 5 B3
1980 1 i
1982 1 Prorocentrum micans Y 55
1983 6 -
g .
1 Guinardia delicatula 759 %% N i 35
5 Margalefidinium polykrikoides (R H X 458) ~
1984 Mesodinium rubrum L 45 8
1 Leptocylindrus minimus $31/NAIAE 5
1 Gymnodinium simplex {8 51 P
1 Akashiwo sanguinea YL 7115
1985 8 -
1986 7 -
1987 18 -
18 -
1 Mesodinium rubrum %I g 2
| Gonyaulax polygramma % 85U #3: ~
1988 Prorocentrum cordatum /0> J H
. Gonyaulax polygramma % S5 ~
Eutreptiella sp. 5 ¥
1 Gonyaulax polygramma % 8 ¥
1989 8 -
17 -
1990
1 Skeletonema costatum FJ) B g5
1991 ’ -
1 Alexandrium tamarense ¥ J5 i iR 111K 3
1992 > -
1 Trieres sinensis "N & I3
3 .
1993 1 Alexandrium tamarense ¥ F§ v Jg 111 K 35
1 Chaetoceros sp. f7TG
5 .
1904 1 Eutrepticlla sp. 545
1 Eutreptiella sp. ¥ S HiHE -
Prorocentrum triestinum 533 5
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Occurrence of Noctiluca scintillans blooms in Hong Kong/

BOCTAE T A 5 AL IR, -

Year/ 545 No. of occurrence/t| %% K ¥ Species of codomination/Fk ] 5] 8 i Ffi
1995 12 -
1996 ) -
1 Trichodesmium sp. $E6#4
1997 9 -
6 .
1 Prorocentrum dentatum 55 J5 FH
1998 | Chaetoceros sp. FaTBEE ~
Prorocentrum cordatum [ J5E 35
1 Chaetoceros curvisetus Je i & B 5
1999 5 -
13 -
2000
1 Trichodesmium sp. $E 6
2001 10 -
2002 5 -
2003 3 -
2005 2 -
1 Prorocentrum balticum % 2% (1 1f )5 B
2006 0 -
1 Dictyocha octonaria T i35
2007 3 -
2008 5 -
2009 4 -
2010 6 -
2011 5 -
2012 4 -
2013 3 -
2014 5 -
2015 2 -
) _
2016 | Akashiwo sanguinea AL R ~
Dictyocha octonaria il 5:
1 Akashiwo sanguinea Wil £ 77135
) .
2017
1 Cochlodinium convolutum % e %
Total/Z4¥8( 287
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Occurrence of Prorocentrum cordatum blooms in Hong Kong/

DR A 7 v 15 | AL R U,

Year/ F-45 No. of occurrence/5 [ 5K B Species of codomination/3E vl 5 %% iy ffi
1986 1 -
2 _
| Gonyaulax polygramma % ST ~
Heterosigma akashiwo 71| 5454 5
| Gonyaulax polygramma %S5 ~
1988 Noctiluca scintillans 1 Y5
1 Gonyaulax polygramma % 80 ¥
1 Prorocentrum gracile #1555 F 5
2 Prorocentrum triestinum 2335 J5 F 35
1 Tripos furca SUff3
2 _
1989 | Prorocentrum triestinum F3TE 5 FEE ~
Skeletonema costatum i 535
2 _
1990 2 Prorocentrum gracile #ll )5 13
1994 2 -
1995 2 -
1996 3 -
) .
1997 | Karenia mikimotor K EQFLfii 5 ~
Prorocentrum gracile il J5 F
1 Prorocentrum dentatum 15 J5 /5
Chaetoceros sp fiTEHH: ~
e ! Noctiluca scintillans 1 Y65
1 Karenia digitata ¥ 15 S ffi 1
1999 1 Prorocentrum dentatum Al 5 J5% F i
2 .
2000 1 Prorocentrum triestinum 535 5 1
1 Scrippsiella trochoidea #3107 K 4
2001 | Scrippsiella trochoidea $ERIT I ~
Prorocentrum triestinum 525 5 1
2002 3 -
4 .
2003

Prorocentrum balticum % 7 {1 5 /3%
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BrEk L (1)

Occurrence of Prorocentrum cordatum blooms in Hong Kong/

DB D PR A 7 A 15 R AL KU

Year/ 4E453 No. of occurrence/5 | #§ 8 Species of codomination/3k [ 5| 2§ i ff
1
2004
1 Ceratoneis closterium 7 J3 13 %
| Heterosigma akashiwo 7] %25 5 ~
Gonyaulax polygramma % S5
2014 Pseudo-nitzschia delicatissima FI3HEZE NG T
1 Pseudo-nitzschia pungens J il ZE T3 ~
Skeletonema costatum i 575
Total/Z8H% : 47
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Occurrence of Tripos firrca blooms in Hong Kong/

AL T A 5 ALK, -

Year/ F-45 No. of occurrence/5 [ 5K B Species of codomination/3E vl 5 %% iy ffi

1978 1 Gymnodinium sp. ¥4 F %

1983 3 -

1984 2 -

1985 1 -

1986 1 -

1987 2 )
5 _
1 Gonyaulax polygramma % 8%
1 Nitzschia incerta ZEF 5

1988 1 Prorocentrum gracile Al J5 F
1 Prorocentrum cordatum /U JE H i
1 Prorocentrum sp. J§i F 5

1990 1 -

1991 1 Skeletonema costatum "l 535

1994 2 -

1998 2 -

2000 1 -

2005 7 -

2006 2 -

ol 1 Chattonella marina ¥ERAILEE ~ Tripos muelleri = 4 f35
) .

2013 1 -

2016 1 -

2017 1 Akashiwo sanguinea Y177 15

Total/Z884 : 41
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Occurrence of Heterosigma akashiwo blooms in Hong Kong/

PR ST A T v | AL KU

Year/H-05 No. of occurrence/5 | #§ K 8 Species of codomination/3& [ 5| #§ i
1987 2 -
1 _
1988 X Gonyaulax polygramma % U 1 ~
Prorocentrum cordatum /> ) 13
1989 2 -
1994 1 -
1995 1 -
1997 . Prorocentrum gracile Al J5UF ¥ ~
Prorocentrum triestinum 23 )5 F1 5
1999 3 -
2000 2 -
2001 1 -
2 .
2005 5 Heterocapsa rotundata SL3E35 ~
Plagioselmis prolonga {1 5} P #
2007 1 -
2009 1 -
2011 1 -
2012 1 -
2013 1 -
) .
2014 . Gonyaulax polygramma % 5053 ~
Prorocentrum cordatum /U i B 3
1 Scrippsiella trochoidea $EIR U7 K 5
Total/ #85¥ : 28
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Occurrence of Mesodinium rubrum blooms in Hong Kong/

AL £ 7 A8 | FEALIR I, -

Year/SE07

No. of occurrence/5| #§K %

Species of codomination/} [ 5| %5 iyl

1983

5

1984

Margalefidinium polykrikoides (A5 T L £H%) ~
Noctiluca scintillans & Y6 1

1985

1986

1987

1988

Noctiluca scintillans & Y615

1989

1991

1992

1997

1998

1999

2000

2001

2002

2003

2005

2007

2008

W I |W IR ]wv ]| O

2009

2010

2011

2012

2014

2015

2016

2017

Total/Z&58 :

62
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Areolae : Perforation or pores on the valve of diatom.

L - AN A AL o

Amnesic  Shellfish  Poisoning  (ASP): A potential
life-threatening illness caused by consumption of
contaminated shellfish that is fed on toxin (domoic acid) -
producing diatoms (mainly pennates). It is characterised
by gastrointestinal and neurological disorders, including
loss of memory.

SRS PELURI S - — Rl REBA IO - R
St Y 2 K T R R I T 3 (DA SPI R 3 2
F) > NBUE RS 232 RS ey EURTIN 5 80
7 o BRI I AN S AR AL (B RE) -

Antapex: The posterior end of the cell.
Ak - AR S o

Antapical: The posterior part of the cell.
JE L A R R ST o

Anterior attachment pore (a.a.p.): The pore located in the
apical pore plate (Po). It can be a diagnostic character in
Alexandrium spp.
HIEEIAL () © BEATHSLI » ERdRRILREEHrp
— I 53 JERE R o

Apical: The anterior part of the cell.
T A T 4

Apical axis: The long axis on the valve face of diatom.

FE L - e e T Y Al B o
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Apical pore plate (Po): The thecal plate located on the
epitheca of many marine armoured dinoflagellates.
TEAL(Po) = A8 L5 Py VP8 L b 538% 14 T i 1Y 53¢
Ko

Basal part: The portion of the terminal seta closest to the
valve face. Alternatively, it is the portion of an inner seta
between its point of origin on valve face and its point of
crossing with its sibling setae.

SET T R R I i BT IR 53 o BRI R
1 6 B ML 9 200 W 5 = 1Y 5 SO B35 v e 48 905 19 95K
45 o

Cingulum: A horizontal or spiral groove on the cell
surface of dinoflagellates which a flagellum lies on.

T - R 2 A TP A L 2 i — R v BSR4
W o BRI YRR L o

Contractile vacuole: A rhythmically contracting vesicle,
which fills in or expels fluid from the cell.

IR - — AR A S MR e 5 > A B A
Ji o

Cyanophyceae: A large and heterogeneous group of
photosynthetic microorganisms formerly referred to
as blue-green algae. Species may be unicellular or
filamentous. Their photosynthetic mechanism is similar
to that of algal and plant chloroplasts, but the cells are
prokaryotic whereas the cells of algae and plants are
eukaryotic.

FLEEA ORI R e & PR DD SR > WA BE Ak
B o VAN ol R T 2 HELAN N AR 0 HOfe & i B
B R ML BE AR DL - (ELZA W 2 SRR 1 - i
HIVRE I A N 22 20 BLAZ A o



DSP is not life-

threatening. It is an illness caused by eating shellfish

Diarrhetic Shellfish Poisoning (DSP):

that is fed on Dinophysis or Prorocentrum dinoflagellates
which produce a suite of toxins, including okadaic
acid, dinophysistoxins and pectenotoxins, resulting in
gastrointestinal disorders.

R TE LD s TR HE R A e By o il
i R R Gk R R SRR > WARH
RGN ~ (85 30 SR HL 75 38 Y g o el H 5
PR FU > 25805 AN o

Diatom: Diatom is a major group of eukaryotic algae
with siliceous cell walls (called frustule) consisting
two overlapping symmetrical parts. Most diatoms are
unicellular, but some species can form colonies (e.g.
chains of cells). There are two different groups of
diatoms: the pennate which is pen-shaped and the centric
which is cylindrical.

fidse o REEERE R EEE - AR AR >
T S 0 4 S A T o o KR 53 Tk 5 ) 2 B AN
{ELA 2 i 8 AL R % ({91 2 e R SR ) o e o
Z WA« 2SR AP AR R I 6 T PR R A e o

Dinoflagellate: Dinoflagellate is unicellular protist with
two flagella (transverse and longitudinal) of unequal
lengths which allow it to swim in the water column. The
transverse flagellum is located in a groove (cingulum)
that divides the cell into two parts. The longitudinal
flagellum is perpendicular to the transverse flagellum
and extends towards the posterior. There are two types
of dinoflagellates: armoured (with cellulose plates) and
unarmoured (naked). Dinoflagellates can be heterotrophic,

autotrophic, parasitic, or symbiotic.
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T W AN A > A AR R R A I 11
B o R R E o RN AL AR S R
[NﬁﬁwﬁW%@ﬁW%ﬁEﬁ’ﬁ%%W@°

FEE Oy 2 W AR - EUA R I TR O AR ) RS
LB I B H s (AR 522 ) o W i 2 Eé H
7~ WSO RIS o

Epicone: The portion of a dinoflagellate cell anterior to
cingulum

I‘i;li% : mlﬂﬂ@*ﬁﬁujim“‘lgﬁ °

Epitheca: The portion of cell theca lying anterior to

cingulum in dinoflagellates.

)l)(’# EF‘?%%EHH@*E‘%LXLH’J FIA °

Eyespot: A pigmented, light-sensitive organelle.

G — (& R AEO AN A o

Foramen: In a dinoflagellate, a relatively large comma-
shaped cavity (or sometimes fishhook-shaped in some
Alexandrium species) on the apical pore plate (Po). It is
a diagnostic feature of the apical pore complex (APC). In
diatoms, the passage through the constriction of the valve

surface opposite the velum. Plural form is foramina.

FLo LA P A M 55 v - Y T L A — I8 Bl g R

M SR 2 e (A 5% 2 i JRE 1 R 38 1 o Rl B 2
IR o R TAIL Y o PR o AR R > AL

e A0 e 53¢ 1 22 B oz T HE B ZE B o 4 T #E 2

Foramina °
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Fultoportula (strutted process): A tubular process in the
valve of some centric diatoms. The fultoportula consists
of a tubular process surrounded by two or more satellite
pores. The fultoportula appears either a tube or a pore in
the valve wall externally.

SfEgE s —SRELOREE RO A EIRGE R o S HF
S i ] B 2 f1AT R L 0 — (I IR S Py o 123
HAME > R EEIRSUML ©

Furrow: A longitudinal depression, long trench or groove.

W A MR BE ~ JRei Bl o

Girdle band: The overlapping band that joins the two
valves of a diatom frustule together.

T e T W (B A R R T o

Girdle view: Looking at the valves of a diatom from the
side.
SRCELITEL R e A 1AL v v 0 i 5 e P e A
Jig o

Haptonema: A flagellum-like structure in haptophytes
which arises from the cell apex near the flagella
and contains several microtubules. It facilitates cell
attachment, feeding and avoidance responses.

ST AR A HEBR A - FH BT Y
AN T R > A BRI o S MG 1 1 2 il
BAZNZRE R ~ ik S B H B S JE o

Hypocone: The portion of a dinoflagellate cell posterior
to cingulum.

o BTN R DU IER 5 o
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Hypotheca: The portion of cell theca lying in the posterior
part, below the cingulum.
T AN R DU YR o

Intercalary setae: Setae emerge from internal valves of
cells that cross each other.

PEES P8 Bl o [ P 8 P 52 ST H P £
Eo

Interstriac: The non-perforate siliceous strip between two
striae. Striae are single or multiple rows of areolates,
pores or alveolus.

I W R 02 T Y SE AL IR BT R 20 o WAtk —
% PRAIAL ~ /LR ALK o

Lanceolate: Leaf shaped or lance shaped and the boardest
part is in the middle but it narrows with curved sides
tapering to a pointed end.

PR BOIESIRSP SR - vl iR > Wi
T i 1 0 O 5 R SR i ©

Microalgae: Microscopic plant (single-celled or colonies
of cells) comprises a diverse group of photosynthetic
and heterotrophic protists which is commonly found
There

is a high diversity within the taxonomic classes, such

in both freshwater and marine environments.

as Bacillariophyceae, Ciliophora, Chlorophyceae,
Cryptophyceae, Cyanophyceae, Dictyochophyceae,
Dinophyceae, Raphidophyceae, Prymnesiophyceae,

Euglenophyceae, Prasinophyceae, etc.



(e FRAN R AR > WS SRS
R ELA Y o 5 WU BOK BORPEBR B © ¥ 50 BN
RERG S HETE > AR RE AN ~ AT ~ AR ~ B2
TEAH ~ BEETEAN ~ REWEEAA - WUE ~ BHIBEA ~
SRR ~ PRV B Ak C B AR S o

Microcystin: A cyclic non-ribosomal peptide produced
by cyanobacteria. It is a cyanotoxin and can be highly
toxic to plants and animals, including humans. Their
hepatotoxicity may cause serious damage to animal livers.
It s - B AR IR R B > IR B
BRER O RS0 R B ES NEIZ D o
FLE B DI s ek K fa 3% o

Mucocyst: An ejectile organelle, a sac-like structure that
releases mucous, or mucous threads through the cell
pores.

i SRR AN S AN FURE ARG
J B R ARG

Neurotoxic Shellfish Poisoning (NSP): A non-fatal illness
caused by consumption of shellfish that has accumulated
brevetoxin and its derivatives. The major symptoms
include tingling and/or numbness of lips, tongue, throat,
hands and feet.

HEEVE LU - R PR T S P R R i AR
Poity L SRR AR Bear e > EERBEUIR RS
> WG Nz T B/ b o
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Paralytic Shellfish Poisoning (PSP): A life-threatening
illness caused by consumption of shellfish which has
been contaminated by saxitoxin and/or its derivatives.
Neurological symptoms include tingling, numbness and
burning sensation in lips and fingertips. In severe cases,
respiratory paralysis may cause death within 24 hours.
AR LU R DABaR B > IR E R AR
P2 B /AT A Vi e iy FU - S R F0REN
55 0R B R SRR ~ IR B - A Dl
HEBI R ASHIE > W E24/ MR N EL R o

Periflagellar area: Anterior end of the right valve with
V-shaped or triangular depression in Prorocentroids. It
consists of plates or platelets around two pores (auxiliary
pore and flagellar pore).

FHEG L R R i O L 2 VIB B = AT
TR > A5 o 18 L ol B L B 3 =6 L) 1Y 58 DR B/ VA
F o

Periplast: An outer layer surrounding the cell membrane.

T e A A RS P S S

Poroid: Shallow surface depression of valve surface.

FLAL © s R M R o

Posterior attachment pore (p.a.p.): The pore located in
the posterior sulcal plate. It can be a diagnostic character
in Alexandrium spp.
BRI AL (pap.) : DEIARAERH » LR EH
e —{ld 3 JER L
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Precingular plate: In thecated species, the plate touching
the cingulum in the epitheca.
AR - FEEGRY IS - £ B33 MR Y

BT o

Pyrenoid: A protein organelle lying inside certain types
of chloroplasts which is commonly associated with the
formation of storage compounds.

BB - RN SRR N I AT . — B
L EPIIITE A B o

Prymnesiophyceae: A class of unicellular, flagellated
algae with two smooth flagella and a haptonema.
Haptonema is a filamentous appendage which may be
short or long and whip-like. At least at some stages in
their life cycle covered by calcareous plates (coccoliths)
embedded in a gelatinous sheath.

SEHEEEA - AN R — A RA WA
BN — TEWE, o EMBRANME > TR
BT S IR o o O 9 2 iy ] 300 v R 6 B
PRI A B BT H P (MR 1 )T o

Raphidophyceae: A small group of eukaryotic algae
that includes both marine and freshwater species. All
raphidophytes are unicellular and possess a pair of flagella
without the cell wall.

BRI - HARTEEE AR — AN > B AR RAER
ARHIRE AR B iR o JT A S 5 4 ol i 22 2 BELAN R
A — iR > {HSEAIIRE
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Raphe: A slit crosses through the valve face of pennate
diatom and usually positions along the apical axis of the
cell. It enables the pennate diatom to move over substrates
in aquatic environment.

et AR S b — A RAE > A R A
il b o sBeRE R RE AL K e R TR B o

Reticulated: Surface ornamentation on thecal plates where
raised straight lines or ridges cross one another creating a
network pattern.

AIRAL - WPy i _ERAERL o Fh ELAR e ] (A
R BT R ADIR B ©

Rimoportula (labiate process): A tubular process in the
valve of some diatoms. It is characterised by a lip-shaped
slit on the internal face of the valve. Rimoportula appears
either a tube or a pore in the valve wall externally.
EIpgE s ek LRGSR o TR
FET 535 T R A IR 2848 o T fh e > BB R
BERBUML o

Setae: Long and hollow extensions project outside from
the valve margin of diatom. They can join frustules
together to form chains and maintain buoyancy of diatoms
in aquatic environment.

AT - SRR SR R 22 S Y
B RSN R SR > WS R A A R
RS o

Sigmoid: Curve and S-shaped.
SIZ - Bl 2SI o



Sulcus: A longitudinal furrow or depression on the ventral
side of a dinoflagellate cell which lies on the longitudinal
part of the flagellum. In thecated species, the sulcus is
made up of sulcal platelets.

¢ PP T P9 — A6 1 A MRS > S
BHER o A TSN RE R B4 DMK o

Fh SR

Hieis

Undulate: A wave-like surface margin.

ERIES I 2155 AE Y

Terminal setac: Setae emerge from the end valves of the
chained cells.

Ui T R AR IR e A0 M A i 9 il Y
Eo

Transapical axis: The axis which is along the valve face
and is perpendicular to the apical axis of diatom.

DITET < A5 s i Bl v A Al R LA o

Trichocyst: A cytoplasmic ejectile organelle or channel
on the surface of certain armoured dinoflagellate cells that
releases filamentous or fibrillar threads.

PRI — 28 Ly A A e v ) — fIAT e 1 2 e
HEICEIE » RO SARAE IR AR

Trichome: A bundle of filament.

AR AR o
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Vacuole: A cytoplasmic membrane-bound cavity within
a cell that functions in digestion, storage, secretion or
excretion.

Wit - AN P E AR A 22 > A
b~ i ~ Sl BRI I DI E o

Valve mantle: The marginal part of a diatom valve that
extends from the valve face and forms the edge of the

valve.

s REBESON R A R RS AR 5 o

Valve view: Looking at a diatom frustule from the top or
bottom of the cell.
ST - RN Y TR s RS ISR R A8 o

Ventral pore (vp): It may be present at the juncture of the
first apical plate (1’ ) and an anterior intercalary or
another apical plate on the epitheca. Sometimes the pore
is in one of the apical plates or an intercalary. The
presence of a ventral pore or its placement may be
diagnostic character for certain species.

5L (vp) « A S AR B — TEU R B L TR el i el
R Z A —IE AL > A el L B0 8 — e i
Tl i A A o I HE B b FL A P — B s d B o7
JRL o

Venerupin (Hepatoxin): A toxin that may impair liver
functioning or cause gastrointestinal distress in humans
through consumption of contaminated oysters or clams.
It GRS 22 ) ¢ % 7% 38 T RIS IRy e
LG EAE > P R IG5 R G 5 e o
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