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ABSTRACT 

The Prevalence of Benthic Dinoflagellates Associated with Ciguatera in the Central 

Red Sea 

Daniela Catania 

 

This study confirms the presence of Gambierdiscus sp., Ostreopsis sp. as well as other 

epiphytic benthic dinoflagellates associated with Ciguatera Fish Poisoning (CFP) in the 

Central Red Sea, highlighting the potential occurrence of CFP in this region. These species 

are reported for the first time in Saudi Arabian coastal waters. A total of 80 Turbinaria and 

Halimeda macroalgae samples were collected from coral reefs off the Saudi Arabian coast. 

Sample analyses indicated low average cell abundances (< 40 cells g
-1

 wet weight algae) of 

Gambierdiscus sp. and Ostreopsis sp. Subsequent statistical analyses indicated a significant 

difference in the cell abundances of both genera between sampling sites, between species and 

between inshore and offshore reefs. The presence of several potentially toxigenic 

dinoflagellate species in the Red Sea and the statistical differences in abundances between 

different sampling sites merits future study on possible impacts of these dinoflagellates on 

marine food webs and human health.  
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Chapter 1: Introduction 

 

Worldwide, marine algal toxins account for more than 60,000 intoxications per year 

with an overall mortality rate of 1.5% (Van Dolah, 2000). The number of toxic algal blooms 

has increased globally over the past three decades (Van Dolah, 2000; Anderson et al., 2012). 

Public health and economic impacts of such events have increased in frequency, intensity and 

geographic distribution (Hallegraef, 1993). These events are caused by one or more of the 60 

to 80 species of phytoplankton which are known to produce harmful biotoxins (Smayda, 

1997). Ninety percent of these phytoplankton species are flagellates, notably dinoflagellates 

(Smayda, 1997), and their biotoxins are responsible for an array of human illnesses 

associated with the consumption of seafood. The leading non-bacterial illness associated with 

seafood consumption is Ciguatera Fish Poisoning (CFP) (WHO, 2009). 

CFP is caused by the accumulation of ciguatoxin (CTX), a lipophilic neurotoxin linked 

to gambiertoxins that are produced by dinoflagellate species in the genus Gambierdiscus (see 

reviews by Anderson and Lobel, 1987, Lehane and Lewis; Dickey and Plakas, 2010), and 

subsequently biotransformed within fish to yield the CTXs. These dinoflagellates are 

epiphytic on macroalgae and are inadvertently consumed by herbivorous fish. These fish are 

in turn consumed by larger predators, and some of these predators are consumed by humans. 

Ciguatoxins bioaccumulate through the food web, thus predators may contain large and even 

dangerous quantities of these chemicals.  Biomagnification thus can explain why these toxins 

were first isolated from predatory fish such as snappers (Scheuer et al, 1967), morays, and 

sharks (Shimizu et al., 1982). In the early 1990s an estimated 50,000 cases of CFP were 

reported annually worldwide (de Sylva, 1994) however, recent studies propose that globally, 

one million people may be affected by ciguatera annually (HARNESS, 2005). The true 
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number of CFP incidences is difficult to ascertain because the disease is under-reported and 

often misdiagnosed (Friedman et al., 2008). 

 The symptoms of consuming ciguatoxic fish have been well described and include a 

variety of gastrointestinal, neurological and cardiovascular symptoms (Bagnis et al., 1979; 

Lewis et al., 1988; Lehane and Lewis 2000; Palafox and Buenconsejo-Lum 2001).. 

Symptoms of gastrointestinal disturbances involve vomiting, diarrhoea, nausea and 

abdominal pains whereas, neurological disturbances include various symptoms such as 

severe headaches, tingling of the lips, hands and feet, unusual temperature perceptions and 

severe localised itch of the skin (Lewis, 2001). There is also evidence that expressed 

symptoms are specific to particular regions. For example, neurological symptoms are 

common in the Pacific Ocean but not in the Caribbean. CFP in the Caribbean Sea, on the 

other hand, is most commonly characterised by gastrointestinal symptoms (Lewis, 2001).The 

reasons for this specificity in symptoms is due to subtle differences in the chemical structures 

of the ciguatoxins in the Pacific and Caribbean sea. However, it is not clear how the different 

ciguatoxins influence the patterns of symptoms in the different regions (Lewis, 2001). 

Studies have also indicated that G. toxicus may not be the sole benthic dinoflagellate 

involved in causing CFP in reef fish (Tindall and Morton, 1998; Lewis, 2001). Several other 

species of the genera Ostreopsis, Prorocentrum and Amphidinium are toxin-producers, and 

are well represented in most established epiphytic benthic dinoflagellate communities in 

ciguatera endemic regions (Tindall and Morton, 1998); Caribbean Sea, Pacific Ocean and 

Indian Ocean (Dickey and Plakas, 2010). These dinoflagellates live in epiphytic association 

with macroalgae and also occur free in sediments and coral rubble (Hallegraeff, 1993). 

Species of macroalgae most frequently reported to host significant numbers of epiphytic 

dinoflagellates include species of Spiridia, Laurencia, Dictyota, Turbinaria, Sargassum, 

Jania and Halimeda  (Tindall and Morton, 1998) 
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Extensive studies on the causative organisms and occurrences of CFP have been 

undertaken in the Caribbean and Tropical Pacific region. In 2010, Litaker et al. (2010) 

reviewed the current state of knowledge concerning the incidences of CFP and the global 

distribution of Gambierdiscus abundances.  For the survey, historical published data were 

collated to elucidate overall Gambierdiscus abundance trends in specific regions. The study 

compiled 292 average cell abundances from the Atlantic region and 657 average cell 

abundances in the Pacific region. From a biogeographical perspective, Gambierdiscus species 

tend to be found in relatively low densities throughout most regions where they occur. From 

a genetic perspective, the Gambierdiscus species found in the Atlantic appear distinct from 

those found in the Pacific. Five Gambierdiscus species were discovered to be endemic to the 

Atlantic (G. belizeanus, G. carolinianus, G. ruetzleri and G. ribotypes 1 and 2) and five were 

discovered to be endemic Pacific species (G. australes, G. pacificus, G. polynesiensis, G. 

toxicus and G. yasumotoi). Additionally, there were two species; G. carpenteri and G. 

caribaeus that were both found in the Atlantic and Pacific regions, likely indicating a global 

distribution (Figure 1).  
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Fig.1. The distribution of Gambierdiscus sp A) found only in the Atlantic, B) found only in the 

Pacific or C) found both in the Atlantic and Pacific (from Litaker et al., 2010). 
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The distribution of average Gambierdiscus cell densities are similar in both the Atlantic 

and Pacific regions, and are generally less than 1000 cells g
-1 

wet weight algae (Litaker et al., 

2010). The Pacific region had a slightly higher frequency of high density samples (with 

>1000 cells g
-1 

wet weight algae) than the Atlantic region (Litaker et al., 2010), which is 

consistent with previous studies that have suggested there is a higher incidence rate of CFP in 

the Pacific compared to the Atlantic. From these studies it can be concluded that on a large 

scale there is a positive correlation between the relative abundance of Gambierdiscus species 

in a region and the average occurrences of CFP incidences (Litaker et al., 2010). 

Despite the recent advances in characterising the global distribution of Gambierdiscus, 

there is scant information regarding the incidents of CFP or the presence of Gambierdiscus in 

the Red Sea. In a review of CFP cases occurring in Europe between 1997-2003, one case was 

associated with a fish caught from the Egyptian Red Sea coast (de Haro and Valli, 2003). 

However, it cannot be determined whether or not the fish that was consumed was caught in 

local waters or if it was imported from other regions of the Red Sea. 

A second paper, published in a German medical journal, describes a case where a 45-

year-old woman was diagnosed with CFP after she had eaten fish while she was on a journey 

in the Red Sea (Ruprecht et al., 2001). The paper does not specify exactly which region of 

the Red Sea the contaminated fish was consumed. Moreover, it is impossible to determine 

whether the case mentioned in the medical journal was a second case of CFP for the Red Sea 

or if it described the same case covered by de Haro and Valli (2003). Very little is known 

about the toxins involved in causing CFP and about cases of CFP in the Arabian Red Sea, 

this knowledge is important in terms of human health in the region. 
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The purpose of the present study was to 1) determine whether ciguatera associated 

dinoflagellates are present in coral reefs in the Central Red Sea and 2) to carry out a 

preliminary assessment of their abundance and distribution at select sampling sites. 

It was hypothesised that the dinoflagellates associated with CFP would be present in 

the Red sea as they have been found in all other circumtropical waters investigated. I further 

expected to find the primary genera in similar abundances to Pacific and Atlantic 

abundances, that is in concentrations < 1000 cells g
-1

 wet weight algae because these 

concentration of cells likely represent background levels of Gambierdiscus that pose little or 

no risk of CFP (Litaker et al., 2010) It is also interesting to note, that on personal 

observations, CFP does not seem to be a big concern in the region because many species that 

are known to be ciguatoxic in many regions around the World are found in the local fish 

markets. There is no taxonomic restriction on what locals find acceptable for consumption 

and thus fish such as; snappers, barracudas, groupers, surgeonfishes, parrotfishes and jacks 

are consumed in large quantities having little and/or no obvious effect on human health. 

. 
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Chapter 2: Methods and Materials 

2.1 Geographical Location of the Sampling Sites 

The present investigation was conducted in the central Red Sea, off the coast of 

Thuwal, and off the coast of Al-Lith, Saudi Arabia. Sampling was carried out in four inshore 

reefs: Al Fahal (22o 17.919'N, 38o 58.053'E), Umm Al Kiethl (22
o
 9.611'N, 38

o 
56.435'E); Um 

Al Balam (22
o
 11.880'N, 38

o
 57.055'E) and Abu Shosha (22˚ 18.182' N 39˚ 02.892'E); and 

three offshore reefs; Qita Al-Kirsh (22
o
 25.681' N, 38

o 
 59.773'E); Shi’b Nazaar  (22

o 

19.630'N, 38
o
 51.440'E) and Malathu Reef (19

o
 44.310'N, 39

o
 54.070'E, Al-Lith). 

 

Fig .2. Six coral reefs were sampled off the coast of Thuwal and one reef was sampled off the 

coast of Al-Lith, Saudi Arabia. Macroalgae collected at these reefs were examined for the presence of 

ciguatera-implicated epiphytic dinoflagellates. 
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2.2 Algae Collection  

A total of 80 samples were collected from eleven sampling sites. At each site, at least 

five samples of macroalgal species (Turbinaria and/or Halimeda) were collected according to 

its availability. The macroalgae were collected snorkelling at depths between 0.4 - 1m. 

Sampling occurred in December 2011, February, April and May 2012. The macroalgae that 

were collected were carefully placed in heavy duty Ziploc bags with seawater and collection 

was performed with care to minimise the loss of epiphytic dinoflagellates. Consequently, the 

Ziploc bags containing the macroalgae were shaken vigorously for roughly a minute. The 

suspension was passed through sieves of mesh sizes of 150 µm and 20 µm respectively (these 

procedures were all done out on the boat in the field). The macroalgae retained in the 150 µm 

sieve was removed and placed back in the Ziploc bags and brought to the labs where they 

were blot dried with paper towel and weighed. The material collected in the 20 µm sieve was 

backwashed into a 50 ml CytoOne tissue culture flask (USA Scientific Inc., Ocala, FL, USA) 

with a vented filter cap and brought to a volume of 30 ml with filtered seawater. Back in the 

laboratory, 2 ml K medium nutrients was added to each flask to ensure cell growth in the live 

samples. A subsample of the residues collected on the finer sieve was also collected in a 50 

ml centrifuge tube (Fisher Scientific Co., Pittsburgh, PA, USA) and the content was brought 

up to 45 ml with filtered seawater. This sample was then fixed with 5 ml of 10% formalin 

(this was conducted out in the field). These samples were then used for cell counts to 

determine the benthic dinoflagellate community abundances at each site. 

 

  



18 

 

2.3 CTD Data 

A CTD was used to measure the salinity (psu), sea surface temperature (˚C) and oxygen 

saturation (%) of the sea water at six differenct sampling sites; Qita Al-Kirsh, Shi’b Nazaar, 

Al Fahal, Abu Shosha, Um Al Balam and Umm Al Kiethl. These physical variables were 

measured to determine whether or not physical factors influence the cell abundances of 

benthic epiphytic dinoflagellates. 

At each sampling site, the CTD was cast off the side of the boat that was positioned just 

off the coral reef that was going to be sampled. The CTD was held for 20 seconds just below 

the sea surface and then an average of the measurements collected were calculated and used 

in the results (Figures 4 and 5). 

  

2.4 Cell Abundance Count and Statistical Analyses 

The preserved samples were gently shaken and 1 ml - 0.5 ml (depending on sample 

density) was analysed for benthic dinoflagellate abundance in a Sedgewick Rafter counting 

cell slide using a Leica DM 2500 light microscope at 100x magnification. The number of 

cells g
-1

 wet weight macroalgae was calculated for each sample. The dinoflagellates of 

importance in this study were identified by morphological traits. Light microscope images 

taken by Mindy Richlen were used as an identification key as well as images from the 

Smithsonian Natural Museum of Natural history website 

(http://botany.si.edu/references/dinoflag/index.htm). 

All the statistical analyses were done using SPSS 20.0. Kolgomorov-Smirnov test was 

carried out on the average cell abundances of both Gambierdiscus sp. and Ostreopsis. sp. at 

each sampling site to determine whether the distributions of the samples were normally 
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distributed. Non - parametric Kruskall-Wallis test was used to test whether there were 

significant differences among Gambierdiscus sp. mean cell abundances at each sampling site. 

The same test was also carried out using Ostreopsis sp. cell abundance data. 

Mann-Whitney U tests were carried out to test whether there were any significant differences 

between Gambierdiscus sp. and Ostreopsis sp. median cell abundances at each sampling site. 

 

2.5 Growth and Maintenance of Cultures 

 

Single cell cultures were established directly from the live samples by micropipetting and 

washing single Gambierdiscus cells twice with sterile seawater to reduce contaminations. 

The cells were then inserted into counting plates with wells containing 1ml of sterile seawater 

and 3ml of K medium. The sample cultures were left to grow in an incubator at 25˚C under a 

light intensity of 96 µmol m
-2

 s
-1

 with a 12 h light: dark cycle with 3 ml of k medium for 

three weeks. The live samples were also kept in the incubator. 

Additionally, once a month, the live samples were transferred to new T-25 Tissue 

Culture flasks (CytoOne). 30 ml of K medium was added to each flask and 1 ml of the 

mother culture was transferred into the new flask and then put back in the incubator. The 

culture transfer protocol was conducted under the laminar hood to avoid any contamination 

with foreign microorganisms. 

 

2.6 DNA Extraction, PCR Amplification, Cloning and Sequencing of Gambierdiscus sp. 

DNA was extracted either using the Genera Kit (Qiagen, CA) following the 

manufacturer’s instructions or by using the Chelex protocol described in Richlen and Barber 

(2005). 
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The D8-D10 hypervariable region of the LSU rDNA was amplified from the isolates 

via PCR using the primers FD8 (5´-GGATTGGCTCTGAGGGTTGGG-3´) and RB (5´-

GATAGGAAGAGCCGACATCGA-3´) (Richlen et al., 2008). Amplification was performed 

using an Eppendorf Thermocycler (Vapo. Protect Mastercycler ProS, Germany) as follows: 

95ºC for 15 minutes; then 35 cycles of 94 ºC for 30 s, 55 ºC for 1 minute, 72 ºC for 1.5 

minutes and then a final extension of 72 ºC for 10 minutes. 4µl aliquots of PCR products 

were checked for the presence of a specific amplification product on a 1.5% TAE agarose 

gel, at 95 V, stained with Sybr Green and viewed under a UV transilluminator. 

PCR products were subsequently purified using Qiagen MinElute Gel Extraction Kit 

(Qiagen, Santa Clarita, CA) following the manufacturer’s instructions. 

The purified PCR products were cloned into pCR
®

2.1 vectors from the Invitrogen TA 

Cloning
®

 Kit (Carlsbad, California, USA) following the manufacturer’s instructions. Clones 

were screened for inserts by PCR amplification with plasmid primers M13F (5’-

GTAAAACGACGGCCAG-3’) and M13R (5’-CAGGAAACAGCTATGAC-3’) and four 

positive amplicons were selected and sent to the KAUST Bioscience Core Lab for 

sequencing. 
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Chapter 3: Results 

3.2 Algae Collection 

Gambierdiscus, Ostreopsis and Prorocentrum were the main species of benthic 

dinoflagellates counted in the preserved filtered seawater samples (Figure 3). 

 

Fig.3. Light Microscope images of benthic dinoflagellates from the live samples collected  

off the coral reefs in the Central Red Sea. A) and B) are Gambierdiscus sp. C) Ostreopsis sp. D) 

Amphidinium sp. and E) Prorocentrum sp. Scale bars are 20µm. 

 

It must be noted that not all of the 80 samples collected were used in the results 

sections; a total of 42 samples were used for the results (Table 1). For example, samples that 

were collected in December 2011 and in February 2012 were sent to Woods Hole 

Oceanographic Institution. Unfortunately, the cells did not survive the journey presumably 

due to the cold conditions in the airplane cargo, therefore, cultures could not be established. 

 

 

A 

 

B 

 

C 

 

D 

 

E 
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Table 1.Summary of macroalgal and dinoflagellate sampling collections for seven sampling sites in 

the Central Red Sea, Saudi Arabia. Samples collected refers to how many macroalgae samples were 

collected at each reef. Number of samples counted refers to the number of preserved samples that 

were counted for dinoflagellate cell abundances. Cultures attempted indicates how many individual 

Gambierdisus cells were isolated to establish cultures for genetic analyses. Cultures survived 

indicates the number of cultures survived for genetic analyses. The number sent for sequencing is the 

number of genetic samples that were sent to the Core Lab for DNA sequencing. 

Sampling 

stations 

Collection 

Dates 

Samples 

Collected 

No. of 

samples 

counted 

Gambierdis

cus 

Cultures 

Attempted 

Gambierdi

scus 

Cultures 

survived 

No. sent 

for 

sequenci

ng 

Qita Al - Kirsh 26/02/2012 2 2 - - - 

Shi'b Nazar  27/02/2012 5 5 - - - 

Malathu Reef 17/4/2012 5 5 15 0 15 

Qita Al - Kirsh 15/5/2012 5 5 5 0 5 

Shi'b Nazar  15/5/2012 5 5 2 0 2 

Al Fahal 15/5/2012 5 5 0 0 0 

Abu Shosha  16/5/2012 5 5 6 0 6 

Um Al Balam 16/5/2012 5 5 6 0 6 

Um Al Kiethl 16/5/2012 5 5 3 0 3 

Total  42 42 37 0 37 
 

However, nine out of 36 samples collected in February and all the samples that were 

collected in April and May 2012 (a total of 35 samples) were used for the average cell 

abundance results and for establishing dinoflagellate cultures to do subsequent genetic 

analyses (Table 1). 

3.3 CTD Data 

The results from the CTD data revealed that there were no correlations between 

average sea surface temperature (˚C); average oxygen saturation (%) and Gambierdiscus sp. 

cell abundances (Figure 4 B and C). The same pattern was observed for the data of 

Ostreopsis sp. (Figure 5 B and C). However, for both genera there is a negative correlation 

between salinity and average cell abundances (Figure 4 A and Figure 5 A). Essentially this 

means that as salinity values decrease there is an increase in cell abundances for both 

Gambierdiscus and Ostreopsis. 
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Fig. 4. Relationships between the A) average salinity (psu), B) sea surface temperature (˚C) and C) 

oxygen saturation (%) and the average Gambierdiscus sp. cell abundance at six different sampling 

sites in the Arabian Red Sea.  
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Fig. 5. Relationships between the A) average salinity (psu), B) sea surface temperature (˚C) and C) 

oxygen saturation (%) and the average Ostreopsis sp. cell abundance at six different sampling sites. 

  

R² = 0.6452 

25.00

27.00

29.00

31.00

33.00

35.00

37.00

39.00

0 10 20 30 40 50 60

A
v

er
a

g
e 

S
a

li
n

it
y

 (
p

su
) 

A 

R² = 0.0821 

29.20

29.40

29.60

29.80

30.00

30.20

30.40

30.60

0 10 20 30 40 50 60

A
v

er
a

g
e 

S
ea

 S
u

rf
a

ce
 

T
em

p
er

a
tu

re
 (
°C

) 

B 

R² = 0.0747 

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

0 10 20 30 40 50 60

A
v

er
a
g

e 
O

x
y
g

en
 S

a
tu

ra
ti

o
n

 (
%

) 

Average Ostreopsis sp. Abundance (cells g-1 of wet weight algae) 

C 



25 

 

3.4 Cell Abundance Count and Statistical Analyses  

On the whole there were low average cell abundances of Gambierdiscus sp. and 

Ostreopsis sp. at the seven sampling reef sites (Figure 6) compared to the cell abundances of 

Gambierdiscus sp. calculated the Atlantic and Caribbean. There was a relatively low 

abundance of Gambierdiscus sp. cells at the offshore reefs (Qita Al-Kirsh, Shi’b Nazar and 

Malathu Reef) and a greater average cell abundance of Gambierdiscus sp. in the inshore reefs 

(Al Fahal, Abu Shosha, Um Al Balam). Conversely, the results have indicated that for 

Ostreopsis sp. the highest and lowest average cell abundance were both found to be on 

offshore reefs (Shi’b Nazar and Malathu reefs respectively), whereas the inshore reefs 

showed to have a marginally greater average cell abundance compared to Qita Al-Kirsh and 

Malathu Reef. Therefore, Ostreopsis sp. has greater variability of average cell abundances 

between inshore and offshore reefs compared to Gambierdiscus sp. (Figure 6). 
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Fig. 6. Average cell abundance of two genera of benthic dinoflagellate from seven different sampling 

sites in the Saudi Arabian Red Sea as determined by visual counts and standardised to number of cells 

per wet weight of host macroalgae. Bars: mean ± 1 SE. Number in brackets is the sample size (n). 

 

Some of the samples were not normally distributed (Table 2), therefore a series of non-

parametric tests were carried out to determine whether there were any significant differences 

between the average cell abundances of each species within each sampling reef and between 

the sampling reefs. 
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Table 2. Kolgomorov-Smirnov test to determine whether the Gambierdiscus and Ostreopsis cell 

abundances counted in the 42 samples collected in the Central Arabian Red Sea were normally 

distributed.  

Sampling Reef 

P Value for 

Gambierdiscus sp. 

Normally 

Distributed 

P Value for 

Ostreopsis sp. 

Normally 

Distributed 

Qita Al-Kirsh 0.200, P > 0.05 Yes 0.200, P > 0.05 Yes 

Shi’b Nazar 0.001, P ≤ 0.001 No 0.200, P > 0.05 Yes 

Malathu 0.200, P > 0.05 Yes 0.200, P > 0.05 Yes 

Al Fahal 0.191, P > 0.05 Yes 0.200, P > 0.05 Yes 

Abu Shosha 0.008, P < 0.05 No 0.001, P ≤ 0.001 No 

Um Al Balam 0.200, P > 0.05 Yes 0.146, P > 0.05 Yes 

Umm Al Kiethl 0.042, P < 0.05 No 0.200, P > 0.05 Yes 

 

Results from the Kruskall-Wallis tests indicated that at least one sampling site is 

significantly different from the others in terms differences of the median cell abundances 

(cells
 
g

-1
 of wet weight algae) of Gambierdiscus sp. The same was shown to be true for 

Ostreopsis sp. (Table 3). 

Table 3. Kruskall-Wallis test to test the significant difference of the median cell abundances of 

Gambierdiscus sp. between seven sampling sites in the Arabian Red Sea and to test the significant 

difference of the cell median abundances of  Ostreopsis sp. between the sampling sites.  

Species  Kruskall-Wallis Test 

Gambierdiscus sp. X2
(6) = 22.967, P = 0.001 

Ostreopsis Sp. X2
(6) = 27.398, P < 0.001 

 

Mann Whitney U comparison tests showed that there were significant differences 

between Gambierdiscus sp. median cell abundances and Ostreopsis sp. median cell 

abundances at Malathu, Al Fahal, Um Al Balam and Umm Al Kiethl (Table 4). Moreover, 

there was a highly significant difference (P < 0.001) between Gambierdiscus sp. median cell 
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abundances and Ostreopsis sp. median cell abundances at Shi’b Nazar. Interestingly, there 

were no significant differences between Gambierdiscus sp. median cell abundances and 

Ostreopsis sp. median cell abundances at Qita Al-Kirsh and Abu Shosha (Table 4). 

 

Table 4. Comparisons between Gambierdiscus sp. median cell abundance and Ostreopsis sp. median 

cell abundance at seven sampling sites in the Central Arabian Red Sea. The numbers in brackets 

represent the number of samples used for analyses. 

Sampling Reef Mann Whitney U Test 

Qita Al-Kirsh U(7) = 23.00, P = 0.846 

Shi’b Nazar U(10) = 2.00, P < 0.001 

Malathu U(5) = 3.00, P = 0.041 

Al Fahal U(5) = 1.50, P = 0.021 

Abu Shosha U(5) = 6.50, P = 0.207 

Um Al Balam U(5) = 3.00, P = 0.047 

Umm Al Kiethl U(5) = 2.00, P = 0.028 

 

Non - parametric comparison tests revealed there was a highly significant difference 

between the median Gambierdiscus sp. cell abundances between the inshore and the offshore 

reefs (Table 5).   

 

Table 5. Mann Whitney U comparisons of Gambierdiscus sp. and Ostreopsis sp. median cell 

abundances from samples collected on inshore and offshore reefs in the Central Arabian Red Sea. 

Species Mann Whitney U Test 

Gambierdiscus sp. U(42) = 50.00, P < 0.001 

Ostreopsis Sp. U(42) = 139.50, P =.0.042 
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The Mann Whitney U statistics also revealed that there was a significant difference 

between the median Ostreopsis sp. cell abundances between the inshore and offshore reefs 

(Figure 5).  

 

3.6 DNA Extraction, PCR Amplification, Cloning and Sequencing of Gambierdiscus sp. 

 

Results from the sequencing of 37 samples were inconclusive (Table 1). Gel 

electrophoresis results confirmed the presence of the D8-D10 gene in the PCR product. 

However, it was not possible to use the LSU rDNA sequences to determine the species of 

Gambierdiscus that were present in the collected samples. Probable reasons include: 

contamination of the cultures, poor DNA quality, and the amplification of multiple amplicons 

of the clone cultures. Sequences obtained from the Core Lab were of poor quality; instead of 

receiving chromatograms of 1100 base pairs, I received chromatograms of 280 – 420 base 

pairs, therefore they were too short. This prevented the comparison with other sequences 

present on the NCBI database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) to determine the 

Gambierdiscus species prevalent in the Central Red Sea. 

  

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Chapter 4: Discussion 

This study confirmed the presence of epiphytic benthic dinoflagellates associated with 

Ciguatera Fish Poisoning in the Central Red Sea. Species in the genera Gambierdiscus, 

Ostreopsis, Prorocentrum and Amphidinium were morphologically identified in the collected 

samples (Figure 3). Abundance analyses of the preserved samples revealed that 

Gambierdiscus sp. and Ostreopsis sp. were the dominant benthic dinoflagellate species 

present in the Central Red Sea and that they were present in low abundances (Figure 6). Of 

the known benthic, toxigenic microalgae, species from the genera, Gambierdiscus and 

Ostreopsis, present the greatest threats to human and environmental health (Parsons et al., 

2012). Thus, these findings confirm that the main genera potentially involved in CFP are 

present, albeit in low abundances, in the Central Red Sea region. 

Compared to the values from both the Atlantic and Pacific Oceans summarised in 

Litaker et al., (2010), the average abundances of Gambierdiscus cells monitored in the Red 

Sea are substantially lower. More common maximum densities of epiphytic species range 

from about 100 and 10,000 cells g
-1

 wet weight algae (Tindall and Morton, 1998) in regions 

where ciguartera-implicated dinoflagellates and CFP are prevalent. The highest density of G. 

toxicus reported to date is 75,793 cells g
-1

 wet weight algae (Cruz-Rivera and Villareal, 

2006), In contrast, the maximum number of cells encountered in the samples of this study 

was < 40 cells g
-1

 wet weight algae. 

Furthermore, Litaker et al’s. (2010) distribution data revealed that 85% of the average 

values from both the Atlantic and the tropical Pacific fell below 1000 cells g
-1

 wet weight 

algae. Given that CFP events are relatively rare and random, these concentrations of cells 

likely represent levels of Gambierdiscus that pose little or no risk of CFP (Litaker et al., 

2010). 
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The low Gambierdiscus cell densities present in this study could explain the lack of 

reports of CFP in the Central Red Sea. Furthermore, as mentioned previously, through 

personal observations it is clear that there are no taxonomic restrictions among the locals on 

what species of fish are consumed. However, having said this, this study was conducted over 

a brief period from December 2011- May 2012, thus the results may not be indicative of the 

true population dynamics of epiphytic benthic dinoflagellates associated with CFP in the 

Central Red Sea region. Previous studies have speculated that there could be an increase in 

cell abundance with seasonal cycles and the results in Chinain et al’s (1999) investigation 

confirmed that in Tahiti there are seasonal cycles. The results revealed that there are seasonal 

cycles in Gambierdiscus ssp. cell densities with cell abundances reaching their maximum at 

the end of the hot season (Chinain et al., 1999). These results were consistent with previous 

observations in Australia (Gillespie et al., 1985b) and in the Florida Keys (Bomber et al., 

1988). Therefore, it is possible that there may also be seasonal cycles in Gambierdisucs sp 

and Ostreopsis sp. cell abundances in the Red Sea; long-term surveys need to confirm this 

pattern. 

The results of the present study have further indicated that there are significant 

differences between the Gambierdiscus sp. and Ostreopsis sp. cell abundances at each 

sampling site. It is also evident that out of the two genera, Ostreopsis sp. has a greater cell 

abundance compared to Gambierdiscus sp (Figure 6). 

Previous studies have speculated that some species of Gambierdiscus and Ostreopsis 

cohabitate environments whereas other species do not (Parsons et al., 2012). Therefore, with 

this in mind, it can be speculated that in this particular case; it is possible that Gambierdiscus 

and Ostreopsis are competing with each other for space and shelter on their macroalgal host 

and environmental conditions favour the growth of Ostreopsis cells instead of Gambierdiscus 
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cells. Further field and experimental studies between dinoflagellate-macroalgal assemblages 

in this region are needed to confirm this assumption. The unique conditions of the Red Sea 

could also favour the growth of Ostreopsis sp instead of Gambierdiscus sp. 

Additionally, it is important to note that many algal hosts of G. toxicus, as well as other 

ciguatera-implicated dinoflagellates, possess a variety of defences against herbivory (Cruz-

Rivera and Villareal, 2006). The persistence of macroalgae harbouring epiphytic benthic 

dinoflagellates may be an indication of what is not being eaten by herbivores (Anderson and 

Lobel, 1987). Anderson and Lobel (1987) postulated that the real uptake of toxic 

dinoflagellates is via ingestion by herbivorous fish feeding on less abundant and smaller 

algae which could harbour a low abundance of these toxic dinoflagellates and are thus not a 

source of toxins that enter trophic webs causing any health concerns. The same could be 

applied here in the Red Sea to explain the lack of CFP incidences in this region. 

As previously mentioned CFP events are sporadic and one popular notion about CFP is 

that it can have an outbreak in previously unaffected areas or become worse in areas with a 

history of low-level toxicity. This may be in response to disturbances or destruction of reef 

surfaces (Cooper, 1964; Anderson and Lobel, 1987). Such disturbances clear substrates that 

can be later colonised by opportunistic algae, creating readily available substrates for toxic 

dinoflagellates (Cruz-Rivera and Villareal, 2006). Any large – scale disturbances leading to 

an increase in macroalgae could therefore have unanticipated impacts on the safety of local 

seafood. 

Results of the Mann Whitney U test (Table 4) indicated that there was a significant 

difference of the cell abundances of Gambierdisucs sp. and Ostreopsis sp. between inshore 

and offshore reefs. Gambierdiscus sp. cell abundance was higher in the inshore reefs 

compared to the offshore reefs. Ostreopsis sp. cell abundances exhibited a similar pattern. 
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Therefore, if CFP exists in the region, it can be deduced that the reef fish caught on the 

inshore reefs are more likely to be ciguatoxic and a concern for human health than the reef 

fish caught on the offshore reefs. There may be an ecological difference between inshore and 

offshore reefs affecting the optimal environmental growth conditions for different benthic 

dinoflagellates associated with CFP. Moreover, more evidence is accumulating that natural 

and anthropogenic disturbances are increasing the risks of CFP by increasing benthic 

substrate to harbour epiphytic dinoflagellates (Hallegraeff, 1993; Cruz-Rivera and Villareal, 

2006). The occurrence of dead coral surfaces covered by the filamentous or calcareous 

macro-algae is a favourable growth factor for G. toxicus and ciguatera-implicated 

dinoflagellates (Kohler and Kohler, 1992). A major bleaching event in 2010 in this region 

affected inshore reefs more than offshore reefs (Furby et al., In Press). Although spatial data 

for this region is not available, fishing pressure is likely to be higher on reefs closer to shore 

as local fishermen use small, open boats with limited range (Jin et al., 2012). These are two 

known local disturbances that could provide greater substrate area for the growth of 

macroalgal hosts for epiphytic dinoflagellates increasing the possible incidences of 

ciguatoxic fishes in inshore reefs in the Central Red Sea. The present study was unable to 

investigate potential cases in local hospitals and clinics, but future work in this area may be 

helpful to determine if CFP cases are simply underreported or if they are as rare as they 

appear to be in the region. 

As summarised in Litaker et al. (2010), the ecology of Gambierdiscus is well known 

and determining the likely habitats this organism would occupy is relatively predictable. 

Gambierdiscus is likely to grow in shallow water habitats (< 50 m) with abundant 

macrophytes, algal turfs or biofilms to which cells can attach; with annual temperatures 

ranging between 21 - 31° C; high, stable salinities; light levels 10% of incident light and 

sufficient nutrient inputs. It is important to note that many reefs in the Red Sea will see 
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maximum temperatures above 31
o
 C in the summer. It is possible that the Red Sea is simply 

too hot to sustain CFP dinoflagellate populations. 

We know there are many biological differences among the Gambierdiscus spp. which 

potentially lead to differences in their ecological preferences (and thus distributions). These 

differences could also lead to differences in the toxicology and associated symptoms. The 

Red Sea Gambierdiscus may be one of these previously ID’d species or they may be 

undescribed endemics. Clearly a lot of work needs to be done in this region. Meanwhile, our 

understanding of Ostreopsis is even poorer than of Gambierdiscus worldwide, so it is 

difficult to even predict where they occur. Potential interactions among these species may 

explain some of the distributions but these interactions remain largely unexplored 

Additionally, much needed research on the interactions between dinoflagellates and 

their host macroalgae and of interspecific competitions for space, shelter and light between 

Gambierdiscus sp. and Ostreopsis sp. are also required to determine the discrepancies in the 

cell abundance differences exhibited by these two species within and between sampling sites 

in the Red Sea. 

As well as comparing cell abundances between sampling sites, abiotic variables such as 

salinity, surface temperature and oxygen saturation were also monitored at six different 

sampling sites to determine whether or not physical factors influence the distribution of the 

dinoflagellate community. For both genera there is evidence of a negative correlation 

between salinity (ranging from 28 - 39 psu) and average cell abundances (Figures 4A and 

5A). The results for Gambierdiscus does not support the results of previous studies that 

Gambierdiscus cells appear to grow poorly in low salinity waters (Parsons et al., 2012) and 

prefer salinities between 30-34 psu (Tindall and Morton, 1998).. However, more work is 

needed to document the physiological responses of different Ostreopsis species to varying 
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saline concentrations (Parsons et al., 2012), particularly isolates from the Red Sea. The CTD 

data collected in May 2012 showed that the average psu values at 6 different sampling sites 

in the Red Sea ranged between 28-39 psu. The values below 30 psu and above 34 psu may 

inhibit the growth of benthic dinoflagellates such as Gambierdiscus sp. and Ostreopsis sp. 

The unique conditions of the Red Sea could explain why, compared to other circumtropical 

regions of the World, there are lower Gambierdiscus sp. and Ostreopsis sp. cell abundances. 

The results for the correlation between average sea surface temperature and average 

Gambierdiscus sp. cell abundance illustrated in Figure 4B supports work by Parson et al. 

(2012) suggesting that the relationship between Gambierdiscus and temperature is likely not 

to be a linear one. Much of the ecological work for Gambierdiscus suggests a higher 

preference for temperatures ranging from 27 - 32˚C (with optimum between 25 - 29 ° C) 

(Tindall and Morton, 1998; Litaker et al., 2010). 

Again, the state of knowledge of the correlation between temperature and Ostreopsis is 

not as extensive as the one for Gambierdiscus, but what is known is that different species 

respond to different temperatures for optimal growth rate. In this study, Figure 5B illustrates 

that there is not a correlation between the average sea surface temperature and average 

Ostreopsis cell abundance. Thus, there is no evidence that temperature influences the growth 

rate of Ostreopsis species in the Red Sea. 

It is worth noting that apparent discrepancies regarding precise temperature optima for 

any one or all of a dinoflagellate species in culture of in a field may be attributed to genetic 

adaptations to geographical climatic conditions (Tindall and Morton, 1998; Parsons et al., 

2012). As mentioned previously, the high sea water temperatures during the summer months 

and the varying salinity concentrations in the Red Sea could inhibit the growth of benthic 

dinoflagellates such as Gambierdisucs sp. and Ostreopsis sp.. This could explain their low 
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cell densities compared to regions such as the Caribbean and Pacific and for the scant records 

of CFP in the Arabian Red Sea. 

Algal blooms that cause human illnesses associated with the consumption of seafood 

are of great concern and have heightened scientific and regulatory attention for research and 

management of particular blooms (Anderson et al., 2012). The current difficulties to predict, 

detect and treat CFP consequently means that this disease will continue to have large 

socioeconomic impacts, especially in developing countries (Lewis. 2001). These impacts will 

no doubt be greater in regions where fish is the principal source of protein, for example, 

regions of the Arabian Red Sea Coast. However, assessing the potential risk of CFP in the 

region is impossible, as data regarding the prevalence and composition of the benthic 

dinoflagellate community, the taxonomy of Gambierdiscus sp. the molecular structure of the 

ciguatoxins, and records of CFP intoxication from the surrounding countries, is completely 

lacking. This study represents a necessary and important first step in determining the 

community composition and distribution of this important dinoflagellate community in the 

Red Sea region.  
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Chapter 5: Conclusions 

 

 The prevalence of toxigenic benthic dinoflagellates associated with CFP are 

confirmed and being reported for the first time in the Central Red Sea. 

 Gambierdiscus spp. and Ostreopsis spp. were the dominant benthic dinoflagellates 

present in 42 collected preserved samples. 

 Statistical analyses revealed that there were significant differences between 

Gambierdiscus spp. and Ostreopsis spp. cell abundances within and among seven sampling 

sites in the Central Arabian Red Sea. Statistical analyses also revealed that there were 

significant differences in Gambierdiscus spp. cell abundances between inshore and offshore 

reefs. The same pattern was observed for the Ostreopsis spp. cell abundances. This could 

indicate that reef fish caught on inshore reefs may carry higher levels of toxins than reef fish 

caught on offshore reefs. 

 Further research on the biology, taxonomy, and toxicity of the benthic dinoflagellates 

present in the Central Red Sea are necessary for future progress in this field of research. 
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