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EXECUTIVE SUMMARY

Exposed to the northern extent of the Benguela Upwelling System, the Angolan coastal environment changes from temperate to tropical, as cold upwelled coastal water in the south is met by warm tropical water of equatorial origin northwards. This transition, marked by the position of the Angolan-Benguela front, varies both seasonally and interannually, and creates a variety of environmental niches which are reflected in the fauna and flora of the coastal waters. 

Difficulties imposed by political instability and conflict in the country has hampered oceanographic monitoring in Angolan waters over the past forty years.  As a result, much of the information on phytoplankton in this report dates from the 1950’s. Despite limitations in capacity for research and oceanographic surveys, some sampling has been carried out over the past few years, mainly in the vicinity of the research stations at Luanda and Namibe. Cruises of opportunity, together with BENEFIT and NANSEN program cruises, have provided limited oceanographic coverage in the region.  

Results obtained over the years indicate that potentially toxic phytoplankton is present in the region. In particular, species responsible for several of the major shellfish poisoning syndromes have been observed, including Alexandrium tamarense, A. catenella, Gymnodinium catenatum, and Pyrodinium bahamense (all implicated in paralytic shellfish poisoning (PSP), Dinophysis acuminata, D. caudata, and Prorocentrum lima (all implicated in diarrhetic shellfish poisoning episodes), and Nitzschia spp. (now known as Pseudo-nitzschia, and responsible for amnesic shellfish poisoning (ASP).  In addition, other harmful algal bloom (HAB) species linked to fish and animal mortalities have been observed in Angolan waters, including Chatonella antiqua Heterocapsa circularisquama, and several Prorocentrum species. This list of HAB species in Angolan waters is very similar to the list of species known to affect Namibia and South Africa (see Currie et al. 2004a).  Despite the potential threat from these HAB species, to date no formal HAB monitoring program takes place along the Angolan coast. With Angola looking to mariculture development for food security for her people, monitoring of phytoplankton in the inshore coastal waters, expanded into a HAB monitoring program to include microalgal toxin-testing of shellfish, can be seen as a vital need for food safety in this country.

INTRODUCTION

This is the first in a series of reports to implement a harmful algal bloom (HAB) monitoring and management program in Angola and Namibia.  This is undertaken through BCLME Project EV/HAB/02/02a “Development of an Operational Capacity for Monitoring of Harmful Algal Blooms in Countries Bordering the Northern part of the Benguela Current Large Marine Ecosystem: Phase 1 – Design”. This report describes the current situation in Angola with respect to general phytoplankton species distributions, emphasizing HAB species and past HAB events. The next report in this series will be a feasibility study for cost-effective monitoring of HABs and marine biotoxins in Angola and Namibia. 

Related projects ” BCLME Project EV/HAB/02/01 “Harmonization of Regulations for Microalgal Toxins for Application in Countries Bordering the Benguela Current Large Marine Ecosystem” and EV/HAB/04/Shellsan: “Development of a Shellfish Sanitation Program model for Application in consort with the Microalgal Toxins Component” are also underway. Several reports forthcoming from that study bear directly on the present effort.  

1.  BACKGROUND

1.1.  Red Tides and Harmful algal blooms  (HABs) 

Among the thousands of species of microscopic algae at the base of the marine food chain are a few dozen that produce toxins. These species make their presence known in many ways, ranging from massive "red tides" that discolor the water, to dilute, inconspicuous concentrations of cells noticed only because of the harm caused by their highly potent toxins.  Impacts include mass mortalities of wild and farmed fish and shellfish, human illness and death, alterations of marine trophic structure, and death of marine mammals, seabirds, and other animals (Anderson et al. 2001). The term “red tide” is misleading, however, since toxic blooms may be greenish or brownish; non-toxic species can bloom and harmlessly discolor the water; and, conversely, adverse effects can occur when some algal cell concentrations are low and the water is clear. Given the confusion, the scientific community now uses the term “harmful algal bloom” or HAB. This new descriptor includes algae that cause problems because of their toxicity, as well as non-toxic algae that cause problems in other ways.  It also applies to macroalgae (seaweeds) which can cause major ecological impacts as well.

HAB phenomena take a variety of forms. With regard to human health, the major category of impact occurs when toxic phytoplankton are filtered from the water as food by shellfish which then accumulate the algal toxins to levels that can be lethal to humans or other consumers. These poisoning syndromes have been given the names paralytic, diarrhetic, neurotoxic, azaspiracid, and amnesic shellfish poisoning (PSP, DSP, NSP, AZP, and ASP). All have serious effects, and some can be fatal.  Except for ASP, all are caused by biotoxins synthesized by a class of marine algae called dinoflagellates. ASP is produced by diatoms that until recently were all thought to be free of toxins and generally harmless. A sixth human illness, ciguatera fish poisoning (CFP) is caused by biotoxins produced by dinoflagellates that grow on seaweeds and other surfaces in coral reef communities. Ciguatera toxins are transferred through the food chain from herbivorous reef fishes to larger carnivorous, commercially valuable finfish. In a similar manner, the viscera of other commercially important fish such as herring or sardines can contain PSP toxins, endangering human health following consumption of whole fish. Yet another human health impact from HABs occurs when a class of algal toxins called the brevetoxins becomes airborne in sea spray, causing respiratory irritation and asthma-like symptoms in beachgoers and coastal residents. The documented effects are acute in nature, but studies are underway to determine if there are also long-term consequences of toxin inhalation.

Another type of HAB impact occurs when marine fauna are killed by algal species that produce exogenous toxins associated with the cell surface, release toxins and other compounds into the water, or that kill without toxins by physically damaging gills, by creating low oxygen conditions as bloom biomass decays or by causing light attenuation as thus affecting submerged aquatic vegetation. Some algae (including but not restricted to those that produce chemically well-characterized toxins known to affect humans), can adversely affect growth and survival of larvae or adults of commercially important shellfish populations. For example, red tides of the dinoflagellate Heterocapsa circularisquama in Japan are not a public health concern and do not appear to affect finfish, but have caused mass mortalities of valuable cultured pearl oysters (Pinctada fucata) as well as edible bivalves including Pacific oysters (Crassostrea gigas), clams (Tapes philippinarum) and mussels (Mytilus galloprovincialis) (Matsuyama et al. 1996). Similarly, brown tides of the picoplanktonic alga Aureococcus anophagefferens (Pelagophycea) have caused mass mortalities (not linked to hypoxia) of mussels, and devastated bay scallop fisheries in the mid-Atlantic USA, but are not known to affect finfish or humans (Bricelj and Lonsdale 1997). Brown tide species have also been reported from South Africa (G. Pitcher, pers. comm.) 

Farmed fish mortalities from HABs have increased considerably in recent years, and are now a major concern to fish farmers and their insurance companies. The list of finfish, shellfish and wildlife affected by algal toxins is long and diverse (Anderson 1995) and accentuates the magnitude and complexity of HAB phenomena. In some ways, however, this list does not adequately document the scale of red tide effects, as adverse impacts can occur throughout coastal ecosystems in subtle ways that are difficult to detect. In virtually all compartments of the marine food web, there can be impacts from toxic or harmful blooms. 

Finally, economic impacts can also result from the so-called “halo effect”, or avoidance of safe, uncontaminated seafood because of mistaken public perceptions that the HAB event has affected all fish and shellfish and that toxins that kill these organisms are retained within their tissues. Management strategies must address this public overreaction and devise strategies (e.g. via public education) to reduce these impacts.

1.2. HAB problems in the BCLME region

HABs of the Benguela pose a threat over an extensive area spanning three countries, including Angola. There is huge disparity in the amount of available information on HABs within the Benguela region, with little known of the role they play in the Northern Benguela. The history and extent of the HAB problem in the region are briefly summarized here.  

Earliest documentation of PSP poisoning with probable involvement of Alexandrium catenella comes from an incident in Cape Town in 1888, when illness and deaths amongst the local population occurred, together with apparent poisoning of baboons after eating white mussels (Pitcher 1998).  Cases of PSP poisoning have been recorded from the Cape area intermittently over the last decades. DSP was identified for the first time along the South African coast in 1991 (Pitcher et al. 1993). The regular appearance of Dinophysis spp make DSP a potential hazard in both the South African and Namibian waters. The presence of Gymnodinium and Pseudonitzschia species strongly suggest that NSP and ASP are potential problems in the Benguela as well (Pitcher 1998).

Mussel mortalities along the South African west coast have been linked to blooms of Alexandrium catenella and Gonyaulax grindleyi (= Protoceratium reticulatum, a producer of a toxin called yessotoxin), with cases of extreme poisoning of both white mussels Donax serra and black mussels Choromytilus meridionalis attributed to Alexandrium catenella blooms (Pitcher and Calder 2000). Mortalities of phytplanktivorous fish such as sardine are susceptible to PSP toxins with confirmed PSP poisoning incidents in St. Helena Bay.  Investigations may reveal microalgal ichthyotoxins to account for unexplained fish mortalities throughout the Benguela. Of special interest is the dinoflagellate Gymnodinium galatheanum (now called Karlodinium micrum and recently shown to produce a novel fish-killing toxin; Kempton et al. 2002). Members of the Prasinophytes and Rapidophytes are also of interest, as the ichthyotoxic raphidophyte Heterosigma akashiwo has been observed in the northern and southern Benguela, but has yet to be associated with harmful impacts (Pitcher and Calder 2000). Further up the food chain, seabirds and marine mammals that consume affected mussels, zooplankton and fish, are in danger of accumulating the toxins to lethal levels.

Ciguatera Fish Poisoning is unlikely to occur in Southern Benguela waters but warrants investigation in Angolan waters, especially near offshore islands with coral reef resources.

In Namibia the role of toxic HABs in the ecosystem is not clear. Despite potentially toxic species and cysts having been sampled in Namibian waters, there are no records of human illness or mortality which implicate microalgal biotoxins as the causative factor. Admittedly, the coastal community is small and harvesting of shellfish is minimal, so toxic incidents could pass undetected. 

Cultured mussels from Lüderitz tested positive for PSP in the mid-1990s, apparently caused by Alexandrium catenella. Prior records are few, and limited to claims that fish mortalities were caused by algal blooms, e.g. mass fish mortalities in the region of Walvis Bay in the 1940’s were ascribed to a Gymnodinium species, and Heterocapsa triquetra, Gymnodinium galatheanum (=Karlodinium micrum), Peridinium trochoideum and Alexandrium tamarense were found to occur commonly in the Walvis Bay region, as well as Prorocentrum micans and various species of the genera Gyrodinium, Peridinium and Dinophysis (Pitcher 1998). On the South African west coast, blooms of Ceratium furca, Ceratium lineatum, Prorocentrum micans and to a lesser extent Alexandrium catenella dominate (Pitcher and Calder 2000).

Blooms comprising vast quantities of algal cells contribute to secondary problems not related to the production of toxins. Along the Namibian coast, decay of such intense primary production results not only in water column hypoxia but also in anoxic diatomaceous ooze settled metres thick on the seabed. Intense microbial reduction occurs in these sediments, with subsequent regular release of methane carrying toxic hydrogen sulphide into the overlying water column. Combined effects of the sulphide and associated hypoxia result in mortalities of fish and invertebrates. In South Africa episodic anoxic events following decay of massive phytoplankton blooms have in recent years caused losses of thousands of tonnes of rock lobster, resulting in devastating losses to this valuable fishery (Matthews and Pitcher 1996).

2. HAB ISSUES IN ANGOLA 

2.1. Phytoplankton species observations

Qualitative (Silva 1953, 1955, 1958, Paredes 1962) and quantitative (Paredes 1962) studies of phytoplankton species composition were conducted along the Angolan coast during the 1950’s. 

During the first MEPA (Missao de Estudos de Pesca de Angola) cruise on board of the R/V Baldaque da Silva in June-December 1951, vertical hauls were performed for qualitative phytoplankton studies from the sea bottom up to the surface (Silva 1953, 1955). Stations were distributed in six transects and the distance to the coast was between 1 and 47 nautical miles. Five transects were perpendicular to the coast and one parallel to the coast. Diatoms distribution was found to be dependent on the distance to the coast. Silva (1953) found diatoms to be diverse and abundant in general, especially: Rhizosolenia alata, Stephanopyxis palmeriana, Chaetoceros didymus, Chaetoceros pseudocurvisetum, Rhizosolenia schrubsolei, Thalassiothrix nitzschioide, and Thalassiosira gravida. During the same cruise, Silva (1955) found dinoflagellate abundance and diversity to correlate with latitude, with Baía dos Tigres, in the south, having the lowest biomass, while Benguela and Luanda, both in the north, were the richest stations for dinoflagellates, specially Ceratium spp. Three dinoflagellate species were present at the majority of stations: Peridinium depressum (= Protoperidinium depressum (Bailey) Balech), Ceratium furca and Noctiluca scintillans.

The second MEPA cruise on board of the R/V Baldaque da Silva lasted from August 1952 to January 1953. Vertical hauls were also performed during this cruise in order to conduct qualitative microplankton studies (Silva 1958). Sampling stations are represented in Figure 2-1 as black dots. In August 1952, transect I was dominated by the diatoms Thalassiosira rotula and Schroderella schroderi in the stations closest to the coast while dinoflagellates Ceratium tripos and Peridinium depressum were the more abundant species at the deepest stations. The same transect sampled few weeks later in September 1952 showed high abundance of the dinoflagellate Noctiluca scintillans. In transect III sampled in September 1952 the diatoms (Bacteriastrum hyalinum, Schroderella schroderi, Stephanopyxis palmeriana) were dominant at stations closest to the coast. The same transect sampled in December 1953 showed dominance of the diatoms Chaetoceros decipiens and Rhizosolenia alata at the shallower stations while the species Rhizosolenia calcaravis, Planktoniella sol and Nitzschia seriata were dominant at the deepest station. Transect IV had a dominance of diatoms, especially from the genus Chaetoceros for the August 1952 sample. Transects IV and V when sampled in December 1952 showed dominance of diatoms, especially Chaetoceros and Thalassiosira. Sometimes the dinoflagellates Ceratium furca and Protoperidinium depressum were present as well.

More recently, an honours student from the University of Port Elizabeth, Tommy Bornman, collected surface water samples during the Survey of the Angola-Benguela Front and the Angola Dome on board of the R/V Dr. Fridtjof Nansen 4 April-23 April 1997 for his project “Composition of marine phytoplankton in the Angola Benguela Front”. The results of this project have not been published. During the same cruise Botha (1999) identified 22 diatom species, with the most abundant being in the genera Chaetoceros, Nitzschia and Thalassiosira.

During the cruise along the Angolan coast on board of the R/V Dr. Fridtjof Nansen in July-August 2001, Silva (2003) found diatoms to be the most abundant group (44%), followed by the dinoflagellates (34%) and flagellates (17%). The highest phytoplankton densities were found near the surface, between 0-15 m in the northern and the southern areas, with values of 5339 cells/L and 4304 cells/L. The most frequent diatom genera were Chaetoceros, Coscinodiscus, Rhizosolenia and Thalassiosira. Ceratium, Peridinium and Prorocentrum were the most frequent dinoflagellate genera, while Dictyocha and Chattonella were the most abundant flagellates. Sampled stations during this cruise are represented as green dots in Figure 2-1.

The Instituto de Investigaçao Marinha (IIM) conducted a study that repeatedly sampled a transect in the years 2000, 2001, 2002 and 2003. The specific dates for these cruises are given in Table 2-1. Total cell densities of diatoms and dinoflagellates observed during those surveys are presented in Table 2-2. 

Table 2‑1. Namibe monitoring sampling dates

	2000
	2001
	2002
	2003

	
	24 January
	
	

	
	
	
	19 February

	
	21 March
	4 March
	

	
	
	12 April
	

	
	31 May
	
	

	
	
	
	

	
	
	
	

	
	7 August
	
	

	
	
	
	

	
	
	
	

	
	7 November
	
	

	4 December
	
	
	


Table 2‑2. Average cell densities for the Namibe transect (2000-2003).

	
	DIATOMS (cells/L)
	DINOFLAGELLATES (cells/L)

	March 2001
	6,322
	6,688

	March 2002
	11,337
	12,891

	February 2003
	1,015
	1,809
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Figure 2‑1. Sampling stations along the Angolan coast. 

Black dots show 2nd MEPA cruise stations, 1952. Red dots denote fish kills in 1959, and blue dots the Namibe monitoring stations in 2000-2003.
Figure 2-1 shows the stations sampled on different occasions during the 1950’s and later in 2001-03. The black dots show the 5 transects sampled between August 1952 and January 1953 (Silva 1958). Transect I in front of Luanda, II between Lobito and Novo Redondo, III near Cúrio, IV near Porto Alexandre and V near Torrinha. Red dots mark the position of the two sites sampled during a fish kill event in 1959 caused by Exuviella baltica (= Prorocentrum balticum) (Paredes 1962). In green are stations sampled during a cruise on board of the R/V Dr. Fridtjof Nansen in 2001. In blue are the stations visited once a year between 2001-2003 by the IIM for the Namibe monitoring.

In June 2003 the IIM started a project for the monitoring of biodiversity along Luanda coast. Results of this monthly sampling at four stations placed at 0, 5, 10 and 15 m of depth are included in the list of species in Annex A Table A-1.  


2.2. hab species observations

Among the phytoplankton associated with shellfish toxicity, Silva (2003) and other workers found numerous species in Angolan waters that have been implicated in HAB outbreaks in other parts of the world. The complete list is given in Table 2-3, but species of particular note include those responsible for several of the major shellfish poisoning syndromes, such as Alexandrium tamarense, A. catenella, Gymnodinium catenatum, and Pyrodinium bahamense (all implicated in paralytic shellfish poisoning, (PSP)), Dinophysis acuminata, D. caudata, and Prorocentrum lima (diarrhetic shellfish poisoning (DSP) episodes), and Nitzschia spp. (now known as Pseudo-nitzschia, (amnesic shellfish poisoning (ASP)).  In addition, other harmful algal bloom (HAB) species linked to fish and animal mortalities have been observed in Angolan waters, including Chatonella antiqua, Heterocapsa circularisquama, and several Prorocentrum species.
2.3. Human poisonings from shellfish consumption

No human intoxications from shellfish or fish consumption have been reported in Angola.  This does not mean that HAB problems do not exist, as this could reflect a lack of knowledge of marine biotoxin symptomology and a poor reporting network.  DSP, for example, is often confused with allergic reactions, or to gastro-intestinal problems caused by bacterial or viral contamination.  

2.4. fish kills and other possible hab events

Fish kills associated with HAB events are recurrent along the Angolan coast. A summary of these events is presented in Table 2‑4.  Brown-reddish patches between Moçamedes (now Namibe) and Luanda were observed during August-September 1951, accompanied by major fish mortalities (Silva 1953). The dominant species, 69-92 % in relative abundance, during the event was Exuviella baltica (= Prorocentrum balticum). Cell densities were not determined during this bloom due to the lack of information on the water volume filtered for each sample. “Red tides” accompanied by fish and crab mortalities, and noxious odours occurred during a bloom in July-August 1959 in Cacuaco Bay (Luanda) and Baía Farta (Benguela). Water samples were collected at the surface at both sites, revealing that the event was caused by Exuviella baltica with maximal cell densities of 58,826 cells ml1 in Baía Farta and 36,285 cells ml-1 in Cacuaco Bay. During the bloom, surface temperatures in Baía Farta ranged between 16,3 and 19,4 °C; salinity ranged between 35,8 and 36,1 psu. The percentage of total phytoplankton counts ranged between 17-99% and thus showed extremely patchy distribution (Figure 2‑2). Exuviella baltica was shown to be the dominant species during this bloom event. Local residents indicated that blooms frequently occurred during the period July - September.

Table 2‑3. Harmful algal bloom species detected along the Angolan coast. 

	Possible harmful species
	Harmful potential
	Toxin

	LUANDA June – August 2003
	
	

	Alexandrium catenella
	PSP
	saxitoxins

	Pyrodinium bahamense var compressum
	PSP
	saxitoxins

	Dinophysis acuminata
	DSP
	Okadaic acid

	Karenia mikimotoi
	ichthyotoxic
	

	Chatonella antiqua
	ichthyotoxic
	

	Heterocapsa circularisquama
	ichthyotoxic
	

	
	
	

	NAMIBE 2000-2003
	
	

	Pseudo-nitzschia sp.
	ASP
	Domoic acid

	Chatonella sp.
	
	

	Dinophysis acuminata
	DSP
	Okadaic acid

	Dinophysis rotundata
	DSP
	DTX-1 (Japan)

	Dinophysis caudate
	DSP
	Okadaic acid

	Prorocentrum lima
	DSP
	Okadaic acid, DTX-1, DTX-2, prorocentrolide, 

	Prorocentrum mexicanum
	
	Fast acting toxin (FAT)

	
	
	

	ANGOLAN COAST 2001
	
	

	Alexandrium tamarense
	PSP , ichthyotoxic
	saxitoxins

	Dinophysis acuminata
	DSP
	Okadaic acid

	Dinophysis caudata
	DSP
	Okadaic acid

	Prorocentrum lima
	DSP
	Okadaic acid, DTX-1, DTX-2, Prorocentrolide, 

	Prorocentrum mexicanum
	
	Fast acting toxin (FAT)

	Prorocentrum concavum
	Questionable toxicity
	

	Protoceratium reticulatum
	Yessotoxins
	

	Chatonella antiqua
	ichthyotoxic
	

	Heterocapsa circularisquama
	ichthyotoxic
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Figure 2‑2. Phytoplankton cell densities in Baía Farta at two different stations

	Phaeocystis pouchetii
	ichthyotoxic
	


In November 1997, dead fish appeared in Luanda, concurrent with a luminescent phytoplankton bloom (Rangel 2002). 

In Namibe during the year 2000, a Dinophysis spp. Bloom was believed to have led to a shrimp mortality.

During August-September 2002 fish kills occurred in Luanda and Benguela. Gyrodinium spirale and Alexandrium sp. were present in high numbers in Luanda at the time of this event. At the same time abnormal coloration of the water was observed in Cabinda. 

Table 2‑4.  Reported fish kills in Angolan coastal waters. 

	Year
	Location
	Species
	Reference

	1951
	Moçamedes (Namibe)-Luanda
	Exuviella baltica
	Silva 1956

	1959
	Benguela-Luanda
	Exuviella baltica
	Paredes 1962

	1997
	Luanda
	
	Rangel 2002

	2000
	Namibe
	Dinophysis sp.
	Rangel 2002

	2000
	Luanda
	Gyrodinium spirale (650,000 cells/L)

Alexandrium sp. (5,100,000cells/L)
	Rangel 2002

	2002
	Cabinda
	
	Rangel 2002

	2002
	Benguela
	
	Rangel 2002


3. SUMMARY

There is no firm evidence from Angola of human illness or death from HAB-related biotoxins, but taking into consideration the species present in Angolan waters as well as the documented blooms and poisoning episodes in adjacent Namibia and South African waters, there is clearly a risk.  In particular, there is a high likelihood for outbreaks of several of the poisoning syndromes, such as: PSP (due to Alexandrium catenella, A. tamarense, Pyrodinium bahamense, and Gymnodinium catenatum); ASP (from Pseudo-nitzschia delicatissima or P. seriata); and DSP (due to Dinophysis acuminata, D. caudata, Dinophysis diegensis, Dinophysis saculus, Dinophysis tripos, and Prorocentrum lima).  The poorly understood problem of  yessotoxin poisoning (from Coolia monotis and Protoceratium reticulatum) is also a possibility.  

Likewise, there is a risk of fish kills that should be considered in the selection of adequate locations for the development of aquaculture due to the presence of species such as Heterocapsa circularisquama, Chattonella antiqua, Gymnodinium mikimotoi, Phaeocystis pouchetii, and Prorocentrum balticum. Also present are Prorocentrum concavum, Prorocentrum mexicanum but their toxicity is uncertain. 

Despite the potential threat from these HAB species, to date no formal HAB monitoring program exists along the Angolan coast. With Angola looking to mariculture development for food security for her people, monitoring of phytoplankton in the inshore coastal waters, incorporated into a HAB monitoring program that includes microalgal toxin testing of shellfish, can be seen as a vital need for food safety in this country.
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Annex A

Seven published studies (Silva 1953, 1955, 1956, 1958, 2003, Paredes 1962, Botha 1997) and one unpublished work (IIM, 2003) have been used to produce the following list of species present in Angolan waters. The original species names that each author provided are used. Some of these species names have subsequently been revised, but those new names are not included.

Table A-1.   List of phytoplankton species observed along the Angolan coast. 

	Species
	Silva/53
	Silva/55
	Silva/56
	Silva/58
	Paredes/62
	Botha/97
	Silva/03
	IIM/03

	DIATOMS
	
	
	
	
	
	
	
	

	Achnanthes sp.
	 
	 
	
	
	
	 
	X
	

	Actinocyclus ehrenbergii R.
	X
	 
	
	X
	
	 
	 
	

	Actinocyclus ralfsi W. S.
	X
	 
	
	
	
	 
	 
	

	Actinocyclus tenellus B.
	X
	 
	
	
	
	 
	 
	

	Actinoptychus adriaticus G.
	X
	 
	
	X
	
	 
	 
	

	Actinoptychus splendens S.
	X
	 
	
	
	
	 
	 
	

	Actinoptychus undulatus E.
	X
	 
	
	X
	
	 
	 
	

	Actinoptychus vulgaris S.
	X
	 
	
	
	
	 
	 
	

	Amphisolenia bidentata S.
	 
	X
	
	
	
	 
	 
	

	Amphisolenia spinulosa K.
	 
	X
	
	
	
	 
	 
	

	Amphisolenia truncata K. bidentata S.
	 
	X
	
	
	
	 
	 
	

	Amphora angusta
	
	
	
	
	
	
	
	X

	Amphora cymbifera G.
	X
	 
	
	
	
	 
	 
	

	Amphora lineolata G.
	X
	 
	
	
	
	 
	 
	

	Amphora marina S.
	X
	 
	
	
	
	 
	 
	

	Amphora obtuso
	 
	 
	
	
	
	 
	X
	

	Amphora ovalis
	 
	 
	
	
	
	 
	X
	

	Amphora proteus G.
	X
	 
	
	
	
	 
	X
	


	TABLE A-1 (Continued)

DIATOMS
Anaulus australis
	 
	 
	
	
	
	X
	 
	

	Arachnoidiscus ehrenbergii B.
	X
	 
	
	
	
	 
	 
	

	Asterionella japonica C.e M.
	X
	 
	
	X
	
	 
	 
	

	Asterionella kariana
	 
	 
	
	
	
	 
	X
	

	Asteromphalus elegans R.
	X
	 
	
	X
	
	 
	 
	

	Asteromphalus heptactis (b.) R.
	X
	 
	
	X
	
	 
	 
	

	Asteromphalus sp.
	
	
	
	X
	
	
	
	

	Auliscus coelatus B.
	X
	 
	
	
	
	 
	 
	

	Auliscus mediterraneus P.
	X
	 
	
	
	
	 
	 
	

	Auliscus reticulatus G..
	X
	 
	
	
	
	 
	 
	

	Bacilaria paradoxa
	
	
	X
	X
	
	
	
	

	Bacteriastrum delicatum
	
	
	
	X
	
	
	
	

	Bacteriastrum hyalinum L.
	X
	 
	
	X
	
	 
	X
	X

	Bellarochia malleus
	
	
	
	X
	
	
	
	

	Bellerochea horologicalis
	 
	 
	
	
	
	 
	X
	

	Bellerochea malleus B.
	X
	 
	
	
	
	 
	X
	

	Biddulphia aurita
	 
	 
	
	
	
	 
	X
	

	Biddulphia biddulphiana S.
	X
	 
	
	
	
	 
	 
	

	Biddulphia longicruris G.
	X
	 
	
	X
	
	 
	X
	

	Biddulphia mobiliensis
	
	
	
	X
	
	
	
	X

	Biddulphia mobiliensis B.
	X
	 
	
	
	
	 
	X
	

	Biddulphia tuomeyi B.
	X
	 
	
	X
	
	 
	 
	

	Biddulphia vesiculosa B.
	X
	 
	
	X
	
	 
	 
	

	Campiylodiscus decorus B.
	X
	 
	
	
	
	 
	 
	

	Campiylodiscus limbatus B.
	X
	 
	
	
	
	 
	 
	

	Campylodiscus sp.
	 
	 
	
	
	
	 
	X
	

	Cerataulina bergonii H.P.
	X
	 
	
	X
	
	 
	 
	

	Cerataulina compacta O.
	X
	 
	
	X
	
	 
	 
	

	Cerataulina pelagica
	 
	 
	
	
	
	 
	X
	X

	Cerataulina sp.
	 
	 
	
	
	
	 
	X
	

	Cerataulus smithii R.
	X
	 
	
	X
	
	 
	 
	

	TABLE A-1 (Continued)

DIATOMS 

Cerataulus turgidus E.
	X
	 
	
	
	
	 
	 
	

	Ceratoneis arcus
	
	
	
	
	
	
	X
	X

	Chaetoceros affine L.
	X
	 
	
	
	
	 
	 
	X

	Chaetoceros anastomosans G.
	X
	 
	
	X
	
	 
	 
	

	Chaetoceros borealis
	 
	 
	
	
	
	 
	X
	

	Chaetoceros cibenil
	
	
	
	X
	
	
	
	

	Chaetoceros clostatus
	
	
	
	
	
	
	
	X

	Chaetoceros coarctatus L.
	X
	 
	
	X
	
	 
	 
	

	Chaetoceros compressus L.
	X
	 
	
	X
	
	 
	 
	X

	Chaetoceros constrictum
	X
	 
	
	X
	
	 
	 
	X

	Chaetoceros convolutum C.
	X
	 
	
	X
	
	 
	 
	

	Chaetoceros costatus
	
	
	
	
	
	
	
	X

	Chaetoceros curvisetus
	
	
	
	X
	
	
	
	X

	Chaetoceros danicus
	 
	 
	
	
	
	 
	X
	

	Chaetoceros debilis
	
	
	
	X
	
	
	
	X

	Chaetoceros decipiens
	X
	 
	
	X
	
	 
	X
	X

	Chaetoceros didymus
	X
	 
	
	X
	X
	 
	X
	X

	Chaetoceros eibeni  (G.) M.
	X
	 
	
	
	
	 
	 
	

	Chaetoceros furca C.
	X
	 
	
	
	
	 
	 
	

	Chaetoceros gracilis S.
	X
	 
	
	X
	
	 
	 
	

	Chaetoceros holsaticus
	 
	 
	
	
	
	 
	X
	

	Chaetoceros lacioniosus
	X
	 
	
	X
	
	 
	X
	X

	Chaetoceros lauderi
	
	
	
	
	
	
	
	X

	Chaetoceros lorenzianus G.
	X
	 
	
	
	
	 
	 
	

	Chaetoceros mitras 
	
	
	
	
	
	
	
	X

	Chaetoceros peruvianum
	X
	 
	
	X
	
	 
	 
	

	Chaetoceros polygonus S.
	X
	 
	
	
	
	 
	 
	

	Chaetoceros pseudocurvisetus
	X
	
	
	X
	
	
	
	X

	Chaetoceros rostratum
	
	
	
	X
	
	
	
	

	Chaetoceros saltans C.
	X
	 
	
	
	
	 
	 
	

	Chaetoceros simplex
	 
	 
	
	
	
	 
	X
	X

	TABLE A-1 (Continued)

DIATOMS 

Chaetoceros socialis L.
	X
	 
	
	X
	
	 
	 
	X

	Chaetoceros sp.
	
	
	
	X
	
	
	X
	

	Chaetoceros teres C.
	X
	 
	
	X
	
	 
	 
	X

	Chaetoceros tortissimum G.
	X
	 
	
	X
	
	 
	 
	

	Chaetoceros weissflogii S.
	X
	 
	
	X
	
	 
	 
	

	Chaetocerus afinis
	
	
	
	
	
	
	
	X

	Climacotium frauenfeldium G.
	X
	 
	
	X
	
	 
	X
	

	Cocconeis diminuta
	 
	 
	
	
	
	X
	 
	

	Corethron criophilum
	X
	
	
	X
	
	
	
	

	Corethron hystrix
	X
	 
	
	X
	
	 
	 
	X

	Corethron sp.
	 
	 
	
	
	
	 
	X
	

	Coscinodiscus asteromphalus E., var. Pabellanica G
	X
	 
	X
	
	
	 
	 
	

	Coscinodiscus centralis E.
	X
	 
	
	X
	
	 
	 
	

	Coscinodiscus concinnus
	
	
	
	X
	
	
	
	

	Coscinodiscus devius A.S.
	X
	 
	
	X
	
	 
	 
	

	Coscinodiscus excentricus E.
	X
	 
	
	X
	
	 
	 
	

	Coscinodiscus gigas
	X
	 
	X
	
	
	 
	X
	X

	Coscinodiscus granii
	X
	 
	
	X
	
	 
	X
	

	Coscinodiscus kutzingii
	
	
	
	
	X
	
	
	

	Coscinodiscus lineatus E.
	X
	 
	
	X
	
	 
	 
	

	Coscinodiscus marginatus E.
	X
	 
	
	
	
	 
	 
	

	Coscinodiscus minor E.
	X
	 
	
	X
	X
	 
	 
	

	Coscinodiscus nitidus
	 
	 
	
	
	
	 
	X
	

	Coscinodiscus oculus iridis E.
	X
	 
	
	X
	
	 
	 
	

	Coscinodiscus perforatus
	X
	 
	
	X
	
	 
	X
	

	Coscinodiscus radiatus E.
	X
	 
	
	X
	
	 
	 
	

	Coscinodiscus spp
	X
	 
	
	X
	
	 
	X
	

	Coscinodiscus subtilis E.
	X
	 
	
	X
	
	 
	 
	

	Coscinodiscus wailesii
	 
	 
	
	
	
	 
	X
	

	Coscinosira polychorda
	X
	 
	
	
	
	 
	 
	

	TABLE A-1 (Continued)

DIATOMS 

Cymatosira atlantica
	
	
	
	X
	
	
	
	

	Dactyliosolen mediterraneus
	X
	
	
	X
	
	
	
	

	Dactyliosolen phuketensis
	
	
	
	
	
	
	
	X

	Detonula pumila
	
	
	
	
	
	
	X
	X

	Diphoneis rhombica
	 
	 
	
	
	
	 
	X
	

	Diphoneis spp
	 
	 
	
	
	
	 
	X
	

	Distephanus crux
	
	
	
	
	
	
	
	X

	Ditylium brightwelli W
	X
	 
	
	
	
	 
	 
	

	Entopyla australis E.
	X
	 
	
	
	
	 
	 
	

	Eucampia groenlandica C.
	X
	 
	
	
	
	 
	 
	

	Eucampia spp
	 
	 
	
	
	
	 
	X
	

	Eucampia zoodiacus
	X
	 
	
	X
	
	 
	 
	

	Euodia atlantica P. P.
	X
	 
	
	X
	
	 
	 
	

	Fragilaria construes
	 
	 
	
	
	
	 
	X
	

	Fragilaria cratanensis
	 
	 
	
	
	
	 
	X
	

	Fragilaria hialina
	
	
	
	
	
	
	
	X

	Fragilaropsis doliolus
	 
	 
	
	
	
	 
	X
	

	Gossleriella tropica S.
	X
	 
	
	X
	
	 
	 
	

	Grammatophora marina
	
	
	
	
	
	
	
	X

	Grammatophora oceanica
	
	
	
	X
	
	
	X
	

	Grammatophora serpentina K.
	X
	 
	
	
	
	 
	 
	

	Guinardia flaccida
	X
	 
	
	X
	
	 
	X
	X

	Guinardia spp
	 
	 
	
	X
	
	 
	X
	

	Guinardia striata
	
	
	
	
	
	
	
	X

	Gyrosigma acuminatum
	
	
	
	
	
	
	
	X

	Helicotheca thamensis
	 
	 
	
	
	
	 
	X
	

	Hemiaulus hauckii G.
	X
	 
	
	X
	
	 
	 
	

	Hemiaulus membranaceus C.
	X
	
	
	X
	
	
	 
	

	Hemidiscus cuneiformis
	 
	 
	
	
	
	 
	X
	

	Hyalodiscus ambignuus G.
	X
	 
	
	
	
	 
	 
	

	Hyalodiscus spp
	 
	 
	
	
	
	 
	X
	

	TABLE A-1 (Continued)

DIATOMS 

Hyalodiscus stalliger
	
	
	
	
	
	
	
	X

	Lauderia annulata
	
	
	
	X
	
	
	
	

	Lauderia borealis G.
	X
	 
	
	X
	
	 
	 
	X

	Leptocilindrus minimus
	
	
	
	
	
	
	
	X

	Leptocylindrus danicus D.
	X
	 
	X
	X
	
	 
	X
	X

	Leptocylindrus mediterranus
	
	
	
	
	
	
	
	X

	Leptocylindrus minimus G.
	X
	 
	
	X
	
	 
	X
	

	Leptocylindrus spp
	 
	 
	
	
	
	 
	X
	

	Licmophora gracilis
	 
	 
	
	
	
	 
	X
	

	Licmophora paradoxa
	 
	 
	
	
	
	 
	X
	

	Licmophora spp
	 
	 
	
	
	
	 
	X
	

	Lycmophora lyngbyei G e V-H
	X
	 
	
	X
	
	 
	 
	

	Melosira distans
	 
	 
	
	
	
	 
	X
	

	Melosira granulata
	 
	 
	
	
	
	 
	X
	

	Murrayella sp.
	 
	X
	
	
	
	 
	 
	

	Navicula cancellata D.
	X
	 
	
	
	
	 
	 
	

	Navicula directa
	 
	 
	
	
	
	 
	X
	

	Navicula distans
	
	
	
	
	
	
	X
	X

	Navicula dydima E.
	X
	 
	
	
	
	 
	 
	

	Navicula forcipata G. var. nummularia G.
	X
	 
	
	
	
	 
	 
	

	Navicula fusca G.
	X
	 
	
	X
	
	 
	 
	

	Navicula gracilis
	 
	 
	
	
	
	X
	 
	

	Navicula hennedyi
	X
	 
	
	
	
	 
	 
	

	Navicula lyra E. Var. constricta 
	X
	 
	
	
	
	 
	 
	

	Navicula pennata A. S.
	X
	 
	
	
	
	 
	 
	

	Navicula robusta G.
	X
	 
	
	
	
	 
	
	

	Navicula spp
	 
	 
	
	
	
	 
	X
	

	Navicula transitrans
	 
	 
	
	
	
	 
	X
	

	Navicula vacillans A.S. var. Minuta G.
	X
	 
	
	
	
	 
	 
	

	Navicula viridula var. rostellata
	
	
	
	
	X
	
	
	

	Nitzchia amplectens
	 
	 
	
	
	
	X
	 
	

	TABLE A-1 (Continued)

DIATOMS 

Nitzchia cf. Thermalis
	 
	 
	
	
	
	X
	 
	

	Nitzchia fossales
	 
	 
	
	
	
	X
	 
	

	Nitzchia frustulum var. Subsalina
	 
	 
	
	
	
	X
	 
	

	Nitzchia latens
	 
	 
	
	
	
	X
	 
	

	Nitzchia sublinearis
	 
	 
	
	
	
	X
	 
	

	Nitzschia capitellata
	
	
	
	
	X
	
	
	

	Nitzschia closterium
	 
	 
	
	X
	X
	 
	X
	X

	Nitzschia costatum
	
	
	
	
	
	
	
	X

	Nitzschia delicatissima
	
	
	
	
	X
	
	
	

	Nitzschia filiformis
	
	
	
	
	
	
	
	X

	Nitzschia fristulum
	
	
	
	
	X
	
	
	

	Nitzschia longissima R.
	X
	 
	X
	X
	X
	 
	X
	

	Nitzschia lorezians
	
	
	
	
	
	
	
	X

	Nitzschia recta H.
	X
	 
	
	X
	
	 
	 
	

	Nitzschia seriata C.
	X
	 
	
	X
	
	 
	X
	X

	Nitzschia spp
	 
	 
	
	
	
	 
	X
	

	Paralia sulcata (E) C.
	X
	 
	
	X
	
	 
	 
	

	Plagiogramma vanhearcki
	
	
	
	X
	
	
	
	

	Planktoniella sol (W) S:
	X
	 
	
	X
	
	 
	X
	

	Pleurosigma angulatum
	
	
	
	
	
	
	
	X

	Pleurosigma distinguendum
	 
	 
	
	
	
	X
	 
	

	Pleurosigma fasciola
	
	
	
	
	X
	
	
	

	Pleurosigma spp.
	
	
	
	X
	X
	
	
	

	Podosira adriatica
	
	
	
	
	
	
	
	X

	Pseudoeunotia doliolus G.
	X
	 
	
	X
	
	 
	 
	

	Pseudophalacroma nasutum
	 
	 
	
	
	
	 
	X
	

	Rhabdonema adriaticum K.
	X
	 
	
	X
	
	 
	 
	

	Rhizosolenia acuminata G.
	X
	 
	
	X
	
	 
	 
	

	Rhizosolenia alata
	X
	 
	
	
	
	 
	X
	X

	Rhizosolenia alata f. genuina
	
	
	
	X
	
	
	
	

	Rhizosolenia alata f. Gracilima
	
	
	
	X
	
	
	
	

	TABLE A-1 (Continued)

DIATOMS 

Rhizosolenia alata f. Indica
	
	
	
	X
	
	
	
	

	Rhizosolenia bergonii P.
	X
	 
	
	X
	
	 
	 
	

	Rhizosolenia calcar-avis
	X
	 
	
	
	
	 
	X
	X

	Rhizosolenia castracanei H.P.
	X
	 
	
	
	
	 
	 
	

	Rhizosolenia cylindrus
	
	
	
	
	
	
	
	X

	Rhizosolenia delicatula
	 
	 
	
	
	
	 
	X
	

	Rhizosolenia formosa calcar-avis
	
	
	
	X
	
	
	
	

	Rhizosolenia fragilissima
	 
	 
	
	
	
	 
	X
	

	Rhizosolenia hebetata
	 
	 
	
	
	
	 
	X
	X

	Rhizosolenia imbricata
	
	
	
	
	
	
	X
	X

	Rhizosolenia indica
	
	
	
	
	
	
	
	X

	Rhizosolenia longiseta
	 
	 
	
	
	
	 
	X
	

	Rhizosolenia robusta N.
	X
	 
	
	X
	
	 
	 
	X

	Rhizosolenia schrubsolei
	
	
	
	X
	
	
	
	

	Rhizosolenia semispina
	
	
	
	X
	
	
	
	

	Rhizosolenia setigera
	X
	 
	
	X
	
	 
	X
	X

	Rhizosolenia shrubsolei C.
	X
	 
	
	
	
	 
	 
	

	Rhizosolenia spp
	 
	 
	
	
	
	 
	X
	X

	Rhizosolenia stolterfothii H.
	X
	 
	
	X
	
	 
	 
	X

	Rhizosolenia styliformis B.
	X
	 
	
	
	
	 
	 
	

	Rhizosolenia temperei H.P.
	X
	 
	
	X
	
	 
	 
	

	Schroderella schroderi B.
	X
	 
	
	X
	
	 
	 
	

	Skeletonema costatun
	 
	 
	
	
	X
	 
	X
	X

	Skeletonema spp
	 
	 
	
	
	
	 
	X
	

	Spatangidium arachne B.
	X
	 
	
	X
	
	 
	 
	

	Staurosira capucina P.P.
	X
	 
	
	X
	
	 
	 
	

	Stephanodiscus spp
	 
	 
	
	
	
	 
	X
	

	Stephanopyxis palmeriana (G.) G.
	X
	 
	
	X
	
	 
	 
	

	Stephanopyxis turris G.
	X
	 
	
	X
	
	 
	 
	

	Streptotheca thamensis S.
	X
	 
	
	X
	
	 
	 
	

	Striatella unipunctata
	
	
	
	X
	
	
	
	

	TABLE A-1 (Continued)

DIATOMS 

Surirella biseriata
	 
	 
	
	
	
	 
	X
	

	Surirella spp
	 
	 
	
	
	
	 
	X
	

	Synedra spp
	 
	 
	
	
	
	 
	X
	

	Tabularia fasciculata
	 
	 
	
	
	
	X
	 
	

	Thalassionema nitzschioides
	
	
	
	
	
	
	X
	X

	Thalassionema spp
	 
	 
	
	
	
	 
	X
	

	Thalassiosira antarica
	
	
	
	
	
	
	
	X

	Thalassiosira bacillare
	 
	 
	
	
	
	 
	X
	

	Thalassiosira centrica
	 
	 
	
	
	
	 
	X
	

	Thalassiosira decipiens
	X
	 
	
	X
	
	 
	X
	

	Thalassiosira gravida C.
	X
	 
	
	X
	
	 
	 
	

	Thalassiosira hyalina
	 
	 
	
	
	
	 
	X
	

	Thalassiosira rotula
	X
	 
	
	X
	
	 
	X
	X

	Thalassiosira spp
	X
	 
	
	
	
	 
	X
	

	Thalassiosira subtilis O.
	X
	 
	
	X
	
	 
	 
	

	Thalassiothrix frauenfeldium C.e G.
	X
	 
	
	X
	
	 
	 
	

	Thalassiotrix longissima
	 
	 
	
	
	
	 
	X
	

	Thalassiotrix sp.
	 
	 
	
	
	
	 
	X
	

	Triceratium alternans B.
	X
	
	
	X
	
	 
	
	

	Triceratium arcticum
	
	
	
	X
	
	
	
	

	Triceratium arcticum f. quadrata
	
	
	
	X
	
	
	
	

	Triceratium favus E.
	X
	
	
	X
	
	 
	
	

	Triceratium grande B.
	X
	
	
	
	
	 
	
	

	Triceratium megastomum E.
	X
	
	
	
	
	 
	
	

	Triceratium orbiculatum S.
	X
	
	
	X
	
	 
	
	

	Triceratium punctatum B.  f. Hexagona G.
	X
	
	
	
	
	 
	
	

	Tropidoneis  maxima G.
	X
	 
	
	
	
	 
	 
	

	Tropidoneis antartica var Polyplasta G.e 
	X
	 
	
	
	
	 
	 
	

	Tropidoneis lepidoptera
	
	
	
	X
	
	
	
	

	
	
	
	
	
	
	
	
	

	TABLE A-1 (Continued)

DINOFLAGELLATES
	
	
	
	
	
	
	
	

	Alexandrium affine
	 
	 
	
	
	
	 
	X
	

	Alexandrium catenatum
	
	
	
	
	
	
	
	X

	Alexandrium catenella
	
	
	
	
	
	
	
	X

	Alexandrium tamarense
	 
	 
	
	
	
	 
	X
	

	Amphidinium latum L.
	 
	X
	
	
	
	 
	 
	

	Amphidoma nucula S.
	 
	X
	
	
	
	 
	 
	

	Amphisolenia bidentata
	
	
	
	X
	
	
	
	

	Amphisolenia extensa
	
	
	
	X
	
	
	
	

	Amphisolenia globifera
	
	
	
	X
	
	
	
	

	Amphisolenia laticineta
	
	
	
	X
	
	
	
	

	Amphisolenia quadrispina
	
	
	
	X
	
	
	
	

	Amphisolenia sp.
	
	
	
	X
	
	
	
	

	Blepharocysta splendor-maris E.
	 
	X
	
	X
	
	 
	 
	

	Brachydinium capitatum
	 
	 
	
	
	
	 
	X
	

	Ceratium arcuatum
	
	
	
	X
	
	
	
	

	Ceratium arietinum
	
	
	
	X
	
	
	
	

	Ceratium azoricum
	
	
	
	X
	
	
	
	

	Ceratium belone
	 
	 
	
	
	
	 
	X
	

	Ceratium breve
	
	
	
	X
	
	
	
	

	Ceratium bucephalum
	
	
	
	X
	
	
	
	

	Ceratium buceros f. inclinatum
	
	
	
	X
	
	
	
	

	Ceratium buceros f. Mole
	
	
	
	X
	
	
	
	

	Ceratium buceros S. Forma claviger
	 
	X
	
	
	
	 
	 
	

	Ceratium candelabrum
	
	
	
	X
	
	
	
	

	Ceratium candelabrum v. dilatata
	
	
	
	X
	
	
	
	

	Ceratium carriense G. C.
	 
	X
	
	X
	
	 
	X
	

	Ceratium carriense v. volans
	
	
	
	X
	
	
	
	

	Ceratium concilians
	 
	 
	
	
	
	 
	X
	

	Ceratium contortum C.
	 
	X
	
	X
	
	 
	 
	

	Ceratium extensum
	
	
	
	X
	
	
	
	

	TABLE A-1 (Continued)

DINOFLAGELLATES 

Ceratium extensum f. strictum
	
	X
	
	X
	
	
	
	

	Ceratium falcatum J.
	 
	X
	
	
	
	 
	 
	

	Ceratium furca
	 
	 
	X
	X
	
	 
	X
	X

	Ceratium fusus
	 
	 
	
	X
	
	 
	X
	X

	Ceratium gibberum
	
	
	
	X
	
	
	
	

	Ceratium gravidum f. angustum
	
	
	
	X
	
	
	
	

	Ceratium gravidum G.
	 
	X
	
	X
	
	 
	 
	

	Ceratium hexacanthum
	 
	 
	
	X
	
	 
	X
	

	Ceratium horridum
	
	
	
	X
	
	
	
	

	Ceratium incisum J.
	 
	X
	
	
	
	 
	 
	

	Ceratium inflatum J.
	 
	X
	
	X
	
	 
	 
	

	Ceratium karsteni P.
	 
	X
	
	
	
	 
	 
	

	Ceratium kofoidii L.
	 
	X
	
	X
	
	 
	 
	

	Ceratium lineatum
	
	
	
	X
	
	
	X
	

	Ceratium longirostris  G.
	 
	X
	
	
	
	 
	 
	

	Ceratium longissimum
	 
	X
	
	
	
	 
	 
	

	Ceratium lunula S.
	 
	X
	
	X
	
	 
	 
	

	Ceratium macroceros
	
	
	
	X
	
	
	X
	

	Ceratium massiliense
	
	
	
	X
	
	
	X
	

	Ceratium minutum
	
	
	
	X
	
	
	
	

	Ceratium paradoxides
	 
	X
	
	
	
	 
	 
	

	Ceratium pentagonum G. subesp. robusta
	 
	X
	
	X
	
	 
	 
	

	Ceratium pentagonum G. subesp. Tenerum
	 
	X
	
	X
	
	 
	 
	

	Ceratium platycorne
	
	
	
	X
	
	
	
	

	Ceratium praelongum
	
	
	
	X
	
	
	
	

	Ceratium pulchellum
	 
	 
	
	
	
	 
	X
	

	Ceratium ranipes C.
	 
	X
	
	
	
	 
	 
	

	Ceratium subrobustum N.
	 
	X
	
	X
	
	 
	 
	

	Ceratium symmetricum
	
	
	
	X
	
	
	
	

	Ceratium teres
	
	
	
	
	
	
	
	X

	TABLE A-1 (Continued)

DINOFLAGELLATES 

Ceratium tricoceros
	
	
	
	X
	
	
	
	

	Ceratium tripos
	 
	 
	
	X
	
	 
	X
	X

	Ceratium vultur
	 
	 
	
	
	
	 
	X
	

	Ceratocorys horrida S.
	 
	X
	
	X
	
	 
	 
	

	Ceratocorys reticulata G.
	 
	X
	
	X
	
	 
	 
	

	Coolia monotis
	
	
	
	X
	
	
	
	

	Corythodinium spp
	 
	 
	
	
	
	 
	X
	

	Dinophysis acuminata
	 
	 
	
	
	
	 
	X
	X

	Dinophysis caudata
	 
	 
	
	X
	
	 
	X
	

	Dinophysis caudata var. Abreviata
	
	
	
	
	X
	
	
	

	Dinophysis diegensis K.
	 
	X
	
	
	
	 
	 
	

	Dinophysis hastata
	
	
	
	X
	
	
	
	

	Dinophysis intermedia
	
	
	
	X
	
	
	
	

	Dinophysis lenticula
	
	
	
	X
	X
	
	
	

	Dinophysis ovum
	
	
	X
	X
	X
	
	
	

	Dinophysis punctata J
	 
	X
	
	
	
	 
	 
	

	Dinophysis rudgei
	 
	 
	
	
	
	 
	X
	

	Dinophysis saculus
	
	
	
	X
	
	
	
	

	Dinophysis similis
	 
	 
	
	
	
	 
	X
	

	Dinophysis tripos
	
	
	
	X
	
	
	
	

	Dinophysis uracantha
	
	
	
	X
	
	
	
	

	Diplopsalis assymmetrica
	
	
	
	X
	
	
	
	

	Diplopsalis lenticula
	
	
	
	X
	
	
	
	

	Diplopsalis minor P.
	 
	X
	
	X
	
	 
	 
	

	Exuviella baltica L.
	 
	X
	X
	X
	X
	 
	 
	

	Exuviella compressa (Bailey)
	 
	X
	
	
	
	 
	 
	

	Exuviella minima P.
	 
	X
	
	
	
	 
	 
	

	Goniodoma polyedricum
	
	
	
	X
	
	
	
	

	Gonyaulax birrostris S.
	 
	X
	
	
	
	 
	 
	

	Gonyaulax catenata K.
	 
	X
	
	X
	
	 
	 
	

	Gonyaulax diegensis
	
	
	X
	
	
	
	
	

	TABLE A-1 (Continued)

DINOFLAGELLATES 

Gonyaulax digitale
	
	
	
	X
	
	
	
	

	Gonyaulax sphaerica
	
	
	
	X
	
	
	
	

	Gonyaulax distalis
	
	
	
	
	
	
	
	X

	Gonyaulax kofoidi
	
	
	
	X
	
	
	
	

	Gonyaulax monocantha P.
	 
	X
	
	X
	
	 
	 
	

	Gonyaulax pacifica
	
	
	
	X
	
	
	
	

	Gonyaulax polyedra
	
	
	X
	
	
	
	
	

	Gonyaulax polygramma S.
	 
	X
	X
	X
	
	 
	 
	

	Gonyaulax scripsae
	
	
	
	X
	
	
	
	

	Gonyaulax sp.
	
	
	
	
	X
	
	
	

	Gonyaulax spinifera D.
	 
	X
	X
	X
	X
	 
	X
	X

	Gonyaulax spinifera subsp. Estelae
	
	
	
	X
	
	
	
	

	Gonyaulax turbynei M. e W.
	 
	X
	
	
	
	 
	X
	X

	Gonyaulax verior
	 
	 
	
	
	
	 
	X
	

	Gymnodinium abreviatum K.e S.
	 
	X
	
	
	
	 
	 
	

	Gymnodinium catenatum
	
	
	
	
	
	
	
	X

	 Gymnodinium coeruleum
	
	
	
	
	
	
	
	X

	Gymnodinium marinum S.
	 
	X
	
	X
	
	 
	 
	

	Gymnodinium mikimotoi
	
	
	
	
	
	
	
	X

	Gyrodinium calyptoglyphe L.
	 
	X
	
	
	
	 
	 
	

	Gyrodinium spirale
	
	
	
	
	
	
	X
	X

	Heterocapsa circularisquama
	
	
	
	
	
	
	X
	X

	Heterocapsa triquetra
	 
	 
	
	
	
	 
	X
	

	Kofoidinium spp
	 
	 
	
	
	
	 
	X
	

	Neidium citreum
	
	
	
	
	
	
	
	X

	Noctiluca scintillans
	 
	X
	
	X
	
	 
	X
	X

	Ornithocerus magnificus S.
	 
	X
	
	X
	
	 
	 
	

	Ornithocerus splendidus S.
	 
	X
	
	X
	
	 
	 
	

	Ornithocerus steini S.
	 
	X
	
	X
	
	 
	X
	

	Oxytoxum constrictum S. B.
	 
	X
	
	X
	
	 
	 
	

	Oxytoxum elegans P.
	 
	X
	
	
	
	 
	 
	

	TABLE A-1 (Continued)

DINOFLAGELLATES 

Oxytoxum gladiolus S.
	 
	X
	
	X
	
	 
	 
	

	Oxytoxum longiceps S. R.
	 
	X
	
	
	
	 
	 
	

	Oxytoxum sceptrum S.
	 
	X
	
	
	
	 
	X
	

	Oxytoxum scolopax
	 
	 
	
	X
	
	 
	X
	

	Oxytoxum septrum
	
	
	
	X
	
	
	
	

	Oxytoxum sp.
	
	
	
	X
	
	
	
	

	Oxytoxum spaeroideum S.
	 
	X
	
	
	
	 
	 
	

	Oxytoxum turbo K.
	 
	X
	
	
	
	 
	X
	

	Peridinium bipes
	 
	 
	
	
	
	 
	X
	X

	Peridinium breve
	
	
	
	X
	
	
	
	

	Peridinium cerasus
	
	
	
	X
	
	
	
	

	Peridinium claudicans
	
	
	
	X
	
	
	X
	X

	Peridinium conicum
	 
	 
	
	
	
	 
	X
	

	Peridinium crassipes
	
	
	
	X
	
	
	
	

	Peridinium curvipes O.
	 
	X
	
	X
	
	 
	 
	

	Peridinium depressum
	
	
	
	X
	
	
	
	

	Peridinium diabolus
	
	
	
	X
	
	
	
	

	Peridinium divergens
	
	
	
	X
	
	
	X
	X

	Peridinium elegans
	 
	 
	
	
	
	 
	X
	

	Peridinium globulus
	
	
	
	X
	
	
	
	

	Peridinium grande K.
	 
	X
	
	X
	
	 
	X
	

	Peridinium granii O.
	 
	X
	
	X
	
	 
	 
	X

	Peridinium latispinum
	 
	 
	
	
	
	 
	X
	

	Peridinium leonis
	
	
	
	
	X
	
	
	

	Peridinium longipes
	 
	 
	
	X
	
	 
	X
	

	Peridinium minutum K.
	 
	X
	
	X
	
	 
	X
	

	Peridinium mite O.
	 
	X
	
	X
	
	 
	X
	

	Peridinium nudum M
	 
	X
	
	
	X
	 
	 
	

	Peridinium oblongum
	
	
	
	X
	
	 
	X
	X

	Peridinium obtusum
	
	
	
	
	
	
	X
	X

	Peridinium oceanicum
	
	
	
	X
	X
	 
	X
	

	TABLE A-1 (Continued)

DINOFLAGELLATES 

Peridinium ovatum
	
	
	
	X
	
	 
	X
	

	Peridinium pallidum O.
	 
	X
	
	
	X
	 
	 
	

	Peridinium pentagonoides
	
	
	
	X
	
	
	
	

	Peridinium pentagonum
	 
	 
	
	
	
	 
	X
	

	Peridinium pyriforme
	
	
	
	X
	
	
	
	X

	Peridinium quarnerense
	
	
	
	X
	
	
	
	X

	Peridinium solidecorne M.
	 
	X
	
	X
	
	 
	 
	X

	Peridinium sp.
	
	
	X
	X
	X
	
	
	

	Peridinium steini
	
	
	
	X
	
	 
	X
	

	Peridinium subinerme P.
	 
	X
	
	
	
	 
	 
	

	Peridinium sylvanae
	
	
	
	X
	
	 
	X
	

	Peridinium thorianum P.
	 
	X
	
	X
	
	 
	 
	X

	Peridinium trochoideum
	
	
	
	X
	
	 
	X
	

	Phalacroma argus
	
	
	
	X
	
	
	
	

	Phalacroma circumsutum
	
	
	
	X
	
	
	
	

	Phalacroma cuneus
	
	
	
	X
	
	
	
	

	Phalacroma doryphorum
	
	
	
	X
	
	
	
	

	Phalacroma elongata
	
	
	
	X
	
	
	
	

	Phalacroma parvulum J.
	 
	X
	
	X
	
	 
	 
	

	Phalacroma porodictum
	
	
	
	X
	
	
	
	

	Phalacroma pulchellum L.
	 
	X
	
	X
	
	 
	 
	

	Phalacroma rotundatum
	
	
	
	X
	
	
	
	

	Phalacroma striatum K.
	 
	X
	
	X
	
	 
	 
	

	Podolampas bipes
	
	
	
	X
	
	
	
	

	Podolampas elegans
	
	
	
	X
	
	
	
	

	Podolampas palmipes
	
	
	
	X
	
	
	
	

	Podolampas spinifer O. R.
	 
	X
	
	
	
	 
	X
	

	Podolampas spinifera
	
	
	
	X
	
	
	
	

	Podosira adriatica (k) G.
	X
	 
	
	
	
	 
	 
	

	Porella globulus
	
	
	X
	
	
	
	
	X

	Pronoctiluca pelagica F.-D.
	 
	X
	
	
	
	 
	 
	

	TABLE A-1 (Continued)

DINOFLAGELLATES 

Prorocentrum compressum
	
	
	
	
	
	
	
	X

	Prorocentrum concavum
	 
	 
	
	
	
	 
	X
	

	Prorocentrum gracille
	 
	 
	
	
	
	 
	X
	

	Prorocentrum lima
	 
	 
	
	
	
	 
	X
	

	Prorocentrum maximum
	
	
	
	
	X
	
	
	

	Prorocentrum mexicanum 
	
	
	
	
	
	
	X
	X

	Prorocentrum micans
	 
	X
	X
	X
	X
	 
	X
	X

	Prorocentrum redfieldi
	
	
	
	
	X
	
	
	

	Prorocentrum reticulacum
	 
	 
	
	
	
	 
	X
	

	Prorocentrum rostratum
	
	
	
	X
	X
	
	
	

	Prorocentrum rotundatum S.
	 
	X
	
	
	
	 
	 
	

	Prorocentrum sigmoides
	 
	 
	
	
	
	 
	X
	X

	Prorocentrum sp.
	
	
	X
	
	
	
	
	

	Prorocentrum triestinum S.
	 
	X
	
	X
	X
	 
	 
	

	Protoceratium reticulatum C. e L.
	 
	X
	X
	X
	
	 
	X
	

	Ptycodiscus inflatus
	
	
	
	X
	
	
	
	

	Pyrocystis fusiformis
	
	
	
	X
	
	
	
	

	Pyrocystis hamulus G.
	
	X
	
	
	
	 
	 
	

	Pyrocystis robusta
	
	
	
	X
	
	
	
	

	Pyrophacus horologicum
	
	
	
	X
	
	 
	X
	

	Pyrophacus horologicum v. Steini
	
	
	
	X
	
	
	
	

	Scrippsiella trochoidea
	
	
	
	
	
	
	X
	X

	Triceratium alternans B.
	X
	
	
	
	
	 
	
	

	Triceratium favus E.
	X
	
	
	
	
	 
	
	

	Triceratium grande B.
	X
	
	
	
	
	 
	
	

	Triceratium megastomum E.
	X
	
	
	
	
	 
	
	

	Triceratium orbiculatum S.
	X
	
	
	
	
	 
	
	

	Triceratium punctatum B. f. Hexagona G.
	X
	
	
	
	
	 
	
	

	Triposolenia depressa
	
	
	
	X
	
	
	
	

	Triposolenia intermedia
	
	
	
	X
	
	
	
	

	Triposolenia truncata
	
	
	
	X
	
	
	
	

	TABLE A-1 (Continued)
OTHERS
	
	
	
	
	
	
	
	

	Chattonella antiqua
	 
	 
	
	
	
	 
	X
	X

	Crisioficias
	 
	 
	
	
	
	 
	X
	

	Dictyocha antarctica
	 
	 
	
	
	
	 
	X
	X

	Dictyocha crux
	 
	 
	
	
	
	 
	X
	X

	Dictyocha fibula
	 
	 
	X
	
	X
	 
	X
	

	Dictyocha octonaria
	 
	 
	
	
	
	 
	X
	

	Distephanus speculum
	
	
	X
	
	
	
	
	

	Ebria tripartida
	 
	 
	
	
	
	 
	X
	

	Octactis octonaria
	 
	 
	
	
	
	 
	X
	X

	Phaeocystis pouechetii
	 
	 
	
	
	
	 
	X
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