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Abstract— Fish poisoning can be life threatening and it is
important to detect the causes of fish poisoning, and the
type of fish poisoning, reliably and accurately. However,
the existing research on fish poisoning has generally
focused on statistical methods and specific areas within
the fish poisoning field. This review based research also
highlights the possibilities of data mining in this area,
especially by reflecting how the different data mining
methods may address different issues of uncertainty
linked to fish poisoning. The article also discusses the
possibility of cloud computing in this context and the
economic benefit that may be brought forth by using a
data mining based system within cloud computing
architecture. Additionally it demonstrates an example of
utilizing data mining in the fish poisoning research area.
The work is expected to guide empirical research,
especially for the Fijian context.
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Fishery is a primary industry in Fiji, especially with the
involvement of local and international stakeholders (Fuata,
2015). Fish in varied cooked forms not only constitute a
special delicacy for the Fijian population, fish is also an
important attraction behind the Fijian tourism and foreign
investment potentials (Fiji, 2016). Further, the source of
livelihood of many Fijians is the fisheries industry.
Considering these, fisheries form an important part of Fijian
economy and social life. However, a major concern for the
sector is the growing rate of fish poisoning, which a non-
infectious yet serious ailment is caused by consuming
contaminated fish.

Fish poisoning can be of varied types including
ciguatera fish poisoning, scombroid fish poisoning,
rudderfish/escolar diarrhoea and shellfish poisoning
(Government of South Australia, 2015; Davis &Shiel,
2015). Ciguatera fish poisoning occurs due to consuming
larger fish residing near the reef where ciguatoxin or
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maitotoxin may be present, while scombroid fish poisoning
occurs due to eating decayed fish; rudderfish/escolar
diarrheais is caused by consuming fish that contains high
quantity of wax ester, and shellfish poisoning may stem
from eating shellfish which contains toxin. (MedlinePlus,
2015; Olander, 2015).

A specific issue of concern is the uncertainty about
identifying whether a particular fish is poisonous (Smith and
Zeller, 2016; Dolan et al. 2016;Fuchsman,2016).For
example, a ciguatoxic fish appears, smells and tastes similar
to non-poisonous fish; and processing, including freezing ,
cooking, smoking and drying, are unable to counteract the
toxin present in the fish (IAMAT, 2015). Kits are available
that allow testing for ciguatoxin, but these kits are not very
accurate and also expensive. Thus, there is an opportunity to
use data mining methods for accurate prediction of fish
disease, especially since data mining methods can address
such levels of uncertainty. This paper presents a review on
fish diseases in the Fijian context, and suggests data mining
approaches that may be applicable in this area.

The paper is organized as follows: Section II and III
describes the related literature on fish poison and indicates
the issues that exist in this area. Section IV provides some
details on data mining techniques. Section V conceptually
suggests show data mining may be applied in this area,
Section VI demonstrates cloud computing on data mining
area, while Section VII define rules, finally VIII concludes
the paper with recommendation for future research
directions.

II.

Fish poisoning is a common food poisoning that may
occur from eating contaminated fish, where the fish is
poisonous by its species characteristics or where the fish as
become poisonous due to its environment (Norusis,
2012;Johns Hopkins Medicine, 2016). While most people
are aware about fish species designated as poisonous, fish
that has become contaminated due to environment are hard
to identify and differentiate from non-contaminated fish
from the same species. Thus, research potentials exist in this
respect and such potentials should be explored to help the
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populace and also to help the Government in terms of
minimizing economic loss.

Indeed, fish poisoning has drawn attention of literature,
especially concerning the different causes of fish
contamination. Natural events (cyclones, tidal waves or
heavy rainfall), human induced disturbances (coastal
constructions, reef dredging or blasting) may damage or kill
coral, and lead to the growth of deadly algae; and these
algae, when consumed by fish and consequently by humans
in the ecosystem, may lead to fish poisoning (Wikipedia,
2016).Literature also relates fish poisoning in the pacific
island nations to the rise in sea temperature (Government
Agency, 2015;Science Alert, 2012). Heavy metals combined
with climate change, industrial toxic wastes, nutrient run-off
from the land and overfishing and shipwrecks may also
contaminate fish and cause fish poisoning (Gil & Gil, 2015;
Science Alert, 2012; Soloway, 2009). Overall, the causes of
fish poisoning are not very clear. The following subsections
briefly discuss the different types of poisoning.

Ciguatera Fish Poisoning

Ciguatera fish poisoning is the most common ailment,
affecting many people globally (Marcus, 2016; Lewis &
Sellin, 1993; Mclntosh, 2015 ). According to the literature,
ciguatera fish poisoning has one of the highest reported
incidences in the world and has scary symptoms (Dickey &
Plakas, 2009,Wongetal. 2005; Wong etal. 2014;Mendoza
etal. 2013; Olander, 2015). Media, for example, reports a
case of fish poisoning where the patient suffered for over 18
months after eating contaminated fish in Fiji (Ihaka, 2012).
Ciguatera outbreak has also been reported in in New York,
with 28 patients admitted in the hospital due to the food
poisoning (Poison, 2013). There has been claim that the
reason this type of fish poisoning is on the rise is due to
climate change (Olander, 2015; Larsen, 2015). Ciguatera
fish poisoning starts from small fish that may have eaten the
poisonous algae and algae-like organisms; and the
poisoning transfer to human when larger fish, that have
consumed these poisonous small fishes, are eaten by men
(MedlinePlus, 2015; Mclntosh, 2015; McNeil, 2015).An
issue with this type of poisoning is, even after being
processed and cooked, the poison may still impact the
person consuming the fish (MedlinePlus, 2015; Mclntosh,
2015; McNeil, 2015).

Scombroid Fish Poisoning
Scombroid fish poisoning, also known as histamine
poisoning, occurs due to eating fish that has not been
properly refrigerated or stored, especially since bacteria may
contaminate dead fish and release histamine harmful to
human health (Nordt and Pomeranz, 2016; MedlinePlus,
2015; Soloway, 2009;Feng, 2016). According to Canadian
Food Inspection Agency (2012) a small dose of histamine is
necessary for proper human body functions; however an
overdose may trigger symptoms including vomiting,
itchiness, rash, dizziness and diarrhoea. Thus, an issue in
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scombroid fish poisoning is preventing the occurrence of the
disease and identifying the symptoms when the poisoning
occurs (Mead 2014; Canadian Food Inspection Agency,
2012). Additionally, as Mead (2014) notes, the presence of
histamine in the dead fish is difficult to identify.

Shellfish Poisoning

Shellfish poisoning occurs when humans consume the
shellfish contaminated by eating harmful algae; and
constitutes four major types of ailments - paralytic,
neurotoxic, amnesic and diarrheic shellfish poisoning
(Trevino, 1998). Paralytic shellfish poisoning is rated as the
most dangerous, and can cause people to remain ill for days
(Trevino, 1998; Tan & Lee 1988; Soto-Liebe etal, 2013). It
is mostly triggered by ingesting contaminated shellfish
species, especially mussels, clams, oysters, and scallops
(MedlinePlus, 2015;Davis and Balentine, 2015; Ahmed,
1991; Ansdell, 2015; Fleming,2016; ABC, 2015; Andrews,
2014).The neurotoxic shellfish poisoning occurs by
consuming shellfish contaminated with brevetoxins and the
symptoms include: slurred speech, nausea, vomiting,
gastroenteritis, broncho constriction, temporary respiratory
discomfort, diarrhoea, numbness, tingling in your mouth,
headache, dizziness, and hot and cold temperature reversal
(Davis & Shiel, 2015; MedlinePlus, 2015; Ahmed, 1991;
Ansdell, 2015).Amnesic Shellfish Poisoning is caused by
shellfish that has consumed domoic acid, and which, when
eaten by human, leads to symptoms including: vomiting,
diarrhea, abdominal cramps, memory loss, brain damage,
and even death (Davis & Shiel, 2015; MedlinePlus, 2015;
Ahmed, 1991; Ansdell, 2015; Washington State Department
of Health, 2016).Diarrhetic Shellfish Poisoning is mostly
caused by eating oysters, clams, scallops, and mussels that
may have been contaminated through feeding on varied
species of Dinophysis and polyether molecules; and the
symptoms include diarrhoea, nausea, vomiting, abdominal
pain, and chills (Davis & Shiel, 2015; Ahmed, 1991;
Ansdell, 2015). Overall, the issue with shellfish poisoning is
the inability of cooking to remove the toxins and the
difficulty in treatment, especially when a proper anti-toxin is
lacking (Poisoning, 2016).

Rudderfish/Escolar Diarrhoea

Escolar diarrhea is caused by consuming the escolar
fish, rudderfish and the blue marlin fish, and symptoms,
which may occur within two hours, include watery and oily
diarrhoea, abdominal cramps, nausea, vomiting, malaise,
extensive respiratory distress, muscle weakness, and mental
impairment (Government of South Australia, 2015; Vilar,
Santos, & Carvalho, 2012; Yohannes etal. 2002).A specific
issue regarding this ailment includes proper identification of
species susceptible to the poisoning.

Other Fish Poisoning
Other than the discussed four fish poisoning types, other
types include Fugu fish poisoning, caused by consuming



poisonous puffer fish of puffer fish and symptoms include
perioral  paraesthesia, nausea, vomiting, dizziness,
abdominal pain, numbness and paralysis (Islam, et al., 2013;
Johns Hopkins Medicine, 2015).Another disease is the
Minamata disease, which occurs in humans consuming
shellfish contaminated by industrial waste water and
symptoms include sensory disturbances, ataxia, dysarthria,
and tremor (Harada, 1995).
III. FISH POISONING RESEARCH

Research on fish poisoning has been varied in terms of
focus and context. Llewellyn (2010), for instance,
investigated the association between sea surface temperature
and the epidemiology of fish poisoning in the South Pacific,
and confirmed the link between ciguatera and climate
change. Malmet. al. (1997) studied the influence of gold
mining, especially through impacting the mercury levels in
fish, human hair and urine, at the Madeira and Tapajos
basins in Brazil. Weis (2004) undertook statistical analysis
to relate mercury concentrations to the size of fish for
species in the Canadian Great Lakes areas. Loon and
Beamish (1977) also employed statistical analysis to relate
heavy-metal concentration in water to fish contamination in
the FlinFlon area in Canada, and suggested that fish in those
areas were well tolerant to zinc. Bessa, et al (2016) similarly
employed statistical model to characterize the biomarker
toxicity caused by drainages from uranium mines. Cheng
and Sun (2016) noted Partial Least Squares Regression
(PLSR) as an approach to reliably predict chemical
characteristics of fish muscle. Mataba et al (2016) assessed
the distribution of trace elements in fish tissues in Tanzania
and the risks to human health through correlation analysis,
and highlighted that frequent comsumption of fish from the
sampled area can be harmful. Fuchsman et al (2016)
employed a case study approach and descriptive statistical
methods to evaluate the mercury toxicity measures
employed in fish poisoning context, and called for more
research in better understanding the research issue. Tong et
al (2015)suggested that mercury linked contamination can
also be due to factors other than fish, and the role of fish in
such poisoning may be overplayed with mercury poisoning
from rice consumption being a notable factor. Torkar and
Zwitter (2015) linked mercury mining to fish poisoning in
the Idrijca River Basin, Slovenia. Koki et al (2015)
reviewed the risk caused by heavy metals to human,
especially when contaminating fish, air and water.

There has also been works covering areas linked to
fishery and data mining (details of data mining are discussed
subsequently). Muttil and Chau (2007), for instance, used
artificial neural networks (ANN) and genetic programming
(GP) to identify factors significant towards the dynamics of
algal blooms. Elkadiri et al (2016) developed ANN,
multivariate regression and hybrid data-driven models to
investigate the probabilities of algal bloom at Kuwait Bay
from remote sensing datasets. The model used in the
research was noted to provide improved performance over
conventionally employed techniques. Verma and Singh.
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(2012) use data mining to predict toxic substance level in
water and which in turn may impact the fish. However, as
the above discussions show, concerns about causes of fish
poisoning, classifications of poisonous fish, intelligent
identifications of symptoms for fish poisoning, and
intelligent assessment of risk factors for fish poisoning are
areas where data mining may be applicable, yet such works
are lacking. This work hence contributes by assessing the
relevant possibilities.
IV. DATA MINING

Data Mining is a knowledge discovery process to
identify interesting patterns from varied volumes of data,
and has found applications in wide areas like marketing,
surveillance, fraud detection, and medicine (Han & Kamber,
2006). It has also been shown as potential in varied disease
detection tasks including cancer and heart disease (Nahar et
al. 2009; Nahar et al. 2013).However, fish poisoning is a
particular area where data mining holds potentials, yet have
not been extensively applied.

Notably, data mining can be expressed through two
functionalities: descriptive data mining and predictive data
mining, where descriptive methods target identifying
human-interpretable patterns to conceptualize the data,
while the predictive methods infer on existing data to
predict outcomes (Han & Kamber, 2006). The predictive
methods or tasks for data mining include:

Classification —Classification is a key data mining
approach, the purpose of which is to accurately predict the
target class from test patterns (Orecle, 2016; Breiman et al.,
1984).There are different classification algorithms including
Decision Tree, Nearest Neighbour, Naive Bayesian,
Artificial Neural Network and Support Vector Machine
(Kaper et al., 2004; Schlogl et al., 2005; Lotte et al., 2007,
Han &Kamber, 2006;Cios et al., 2007).

Regression —Regression constitutes identifying a model
that captures the relationship between independent and
dependent variables (Cios et al., 2007).

Association rule learning —Association Rule Mining
(ARM) entails finding highly correlated attributes shared
within large database, and thereby identifying interesting
rules easily interpretable by human (Han & Kamber, 2006).

Clustering —Clustering is a data mining task that groups
data with similar items, and has found applications in
different fields including multimedia and biology (Cios et
al., 2007).

V. POSSIBILITIES OF DATA MINING IN FISH
POISONING AREA

It is very hard to detect which fish is poisonous simply
by observation. It is also difficult to how adverse the effects
of different fish poisoning are, especially when originating
from different fishes. Further, treatment for different types
of fish poisoning can be varying and a wrong treatment may
lead to fatal consequences. At the moment, there is no such
system in place that is able to detect poison in a fish and to
prevent it from being sold. Data mining can hence aid fish



poisoning research in varied ways. This section discusses
the feasibilities.

Association rule mining may extract useful information
from fish databases. For instance, ARM may reveal the
patterns associated with fish poisoning symptoms and then
relate these to the type of fish. ARM may further help
deducing meaningful associations among the factors to
reflect how the symptoms interact towards causing fish
poisoning. Support, confidence, and lift (Han & Kamber,
2006), calculated from the association rules, can be used to
evaluate the strength of these rules. In addition, ARM may
also aid ranking the effects of fish poisoning to understand
the level of risk such poisoning poses to a person.

A classification approach that may aid in fish poisoning
area is the SVM. In the case of SVM, it may help in labeling
and identifying fish poisoning incidents. It may also help us
in determining the type of fish poisoning. Additionally,
SVM may aid in identifying genes that are linked to the
cause of poisoning in fish and that linked to the occurrence
of fish poisoning in human. In addition, SVM may also be
used in assessing literatures and documents on fish
poisoning, and thereby contribute to enacting appropriate
bio-security policies.

Clustering is another data mining technique that has
potentials. Using its unsupervised learning nature (i.e.,
where the target labels are not given during training),
clustering may aid in grouping the fish poisoning incidents
and risk factors. This may further allow the identification of
fish poisoning, not previously encountered. Additionally,
clustering may allow better conceptualization of the spread
and origins of the particular diseases. Clustering can further
be used to group identical fish with and without fish
poisoning influenced by factors like location (shallow
waters, deep sea and so on), size of fish, and the type of fish.
Indeed, as discussed earlier, many fish poisoning types
show similar symptoms and remain undetected through
observations or remain existent even after processing during
cooking. Thus, by adopting the different data mining
techniques, a holistic disease prevention system and
identification system may be developed. The use of the
system may aid health practitioners in treating the ailments.
This system will also detect whether a fish is safe to
consume or not. This will save the government large amount
of money spent on medication for patients with fish
poisoning. Additionally, the policy makers will be better
informed in forming policies towards the prevention.

VI. CLOUD COMPUTING WITH FISH POISONING

Cloud Computing is a ubiquitous computing environment
that allows on-demand access to shared computing
resources and services through varied deployment models
(Cios et al., 2007). A particular specialty of cloud
computing is to facilitate high computing processing power
at less implementation costs, have noted applications in
areas including application hosting, backups, e-commerce
and search engines (Hurwitz et al. 2010; Cios et al., 2007,
Jamsi-Jounela, 2013).
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Cloud computing also has potentials, along with data
mining, in the area of fish poisoning. For instance, a number
of cases of fish poisoning are reported in Fiji on a regular
basis. The hospitals of Fiji generally deal with the cases in
isolation, and the details on the incidents are recorded and
archived by the respective hospital administration. A cloud
computing platform, especially through the SaS architecture
(Hurwitz et al. 2010; Jamsé-Jounela, 2013), can link the
records of all the hospitals in Fiji to create a central database
for fish poisoning. This database can then be processed
through clustering, classification and ARM to develop a
holistic fish poisoning detection and prevention system.
Further, with a cloud infrastructure integrating the public
health systems of Fiji, while ensuring proper privacy
measures, the government will be provided with up-to-date
information that may facilitate decisions at a national level.
Such decisions may prevent people from consuming specific
fish species until any incidental food poisoning issues have
been addressed. It will also have economic impact both due
to the influence of cloud computing and data mining
perspectives.

From cloud computing perspective, a central
architecture to process the medical information and to
deliver the case study information to the doctors will save
costs linked to the deployment of prevention systems and
database systems at each individual medical facility. From
the data mining perspective, the cloud architecture will both
allow access to sufficient volumes of data for accurate
training by the data mining models; and allow design of
hybrid expert systems towards better prediction and
identification. The overall impact will be saving of public
money through reduced procurement of medication and
labour. The economic benefits will also be enjoyed by the
private sector of Fiji as they will be able to avid prolonged
sick leave payment for staffs, especially with the data
mining based system being able to detect the fish poisoning
cases early. Economic benefits also come from reduced
time and money spent on computational analysis, especially
since the data gathered from the public sector will be large
in volume and potentially infeasible to process stand-alone.
Overall, the combination of cloud computing and data
mining in fish poisoning also has potentials from health
economics area, especially with the better allocation of
public funding in medical facilitation and the possibility of
redirecting the saved funding towards other public services.

VII. EXPERIMENT OUTCOME

As an example of employing computational intelligence,
this section provides the outcome of running Apriori, a rule
mining approach, on a fish poisoning dataset developed
from existing literature. More precisely, the research
reviewed different literature on the fish poisoning; and
developed a dataset containing the different fish type, the
symptoms and circumstances notable for cases of fish
poisoning and the type of fish poisoning. WEKA (Witten
and Frank, 2005) has been used as the computational
intelligence platform for this experiment. The dataset was



designed in the format required by WEKA. Table 1 shows
the outcome of running Apriori.

From the experiment, a total of 28 rules with a support
between 1.0 and 0.1 were found. The top nine rules in terms
of support and confidence are shown in Table 1. As evident
from the rules showing the highest support (0.48) and
confidence (1), consumption of Tuna is well linked to fish
poisoning. This supports the fact, especially since it is a big
fish and research notes that fish poisoning very often occurs
from taking bigger rather than smaller fish. The other top
support rule suggests consumption of Mackerel, which is a
deep-sea fish, may also be linked notably to fish poisoning,
especially if exposures to chemicals have occurred. In a
similar way, the other rules indicate the symptoms, the
environmental contexts, the area, and the general time to the
development of symptoms linked to the different fish
poisoning for the different species of fish. Notably, the
outcomes shown here is part of a pilot project, and a
detailed and more through experiment will be undertaken as
a future work. Also, even though a cloud computing
architecture has not been used in the experiment, the Apriori
algorithm employed can be extended to such architecture.
Overall, the outcomes illustrate that Apriori is effective in
gaining valuable information regarding fish poisoning. And
this, in turn, empirically suggests the applicability of data
mining (and potentially, cloud computing) in the fish
poisoning area.

Table 1. Rule mining for risk factors and symptoms of Fish
poisoning. Here, ‘N’ symbol implies ‘and’ in the rules,
while the ‘=>’ symbol indicates ‘implication’

Extracted rules for Fish poisoning

Support: lower support 0.1, upper support 1.0

Rule: {Tuna fish } => Fish poison 1 (support 0.48, conf-
1);

Rule: {Mackerel N 15 _miutes N Deep sea N USA_Hawai N
Exposure_to_chemicals N Nausea N Vomiting N
Diarreha}=>Fish poison 1 (support 0.48, conf-1);

Rule: {Bluefish N USA N10_15 minutes N High level
histamine N Severe  allergic reaction N Palpitations N
ItchingN Blurred vision N Abdominal cramps N
Diarrhea} =>Fish Poison 2 (support 0.39, conf-1);

Rule: {Barracuda N Coral reef damage N10_15 minutes N
USA N Muscle  weakness N Joint _aches N Headache N
Dizziness N Pacific _and Indian_Oceans N Low_ blood
_pressure } =>Fish poison 2 (support 0.36, conf-1);

Rule: {Coral N Coral loss and algae N Yellowfin
grouper N Australia N 15_min_24 hours N

Warm_tropical water N Headache N Blurred vision} =>
Fish poison 3 (support 0.30, conf-1);

Rule: {Moray eel N The western Gulf of Mexico N
Coral _reef damage N 20 2 hours N Tingling N
Abdominal pain N Burning_ sensation} => Fish poison 3
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(support 0.28, conf-1);
Rule: {Red snapper N Cold_ allodynia N Hawaii N
2 24 hours N Spread_ of toxic_algal blooms N
Sensation_that the teeth loose N Itching N Metallic taste
N Blurred vision }=> Fish poison 3 (support 0.22, conf-1);
Rule: {Mussels N California N Drowsiness N
Mollusks_consumed_toxigenic _dinoflagellates N Dry
throat _and skin_incoherence N Rash _and feverN } =>
Fish poison 4 (support 0.20, conf-1);
Rule: {Coral trout N 2_3_hours N July N TinglingN
Sensation numb N Shivering N Vomiting N Diarrhea N
Exposure_to_chemicals } => Fish poison 4 (support 0.17,
conf-1)

VIII. CONCLUSIONS

This research surveys varied fish poisoning and their
symptoms, along with reviews on varied data mining
techniques, to highlight the possibility of both data mining
and cloud computing in the fish poisoning area. It also
indicates outcomes of a pilot experiment to justify the use of
data mining in this research area. As discussed, fish
poisoning is difficult to detect by observation and difficult
to alleviate by processing. Thus, this research reflects some
of the measures that could be used to prevent poisoning,
while encouraging people to consume fish. A data mining
based approach, deployed on cloud architecture, may lead to
better diagnostics of fish poisoning cases, and inform people
on fish consumption safety and contribute towards
developing a general guideline for fish consumption to
reduce fish poisoning. Additionally, it may aid in forming
national policy on risks linked to fish poisoning, while also
saving public funding. In a next stage of this research, data
will be collected from different areas in Fiji to identify the
different classes of fish poisoning and rules regarding
different fish poisoning for the disease detection.

ACKNOWLEDGMENT

The research has been conducted under the support of
Fiji Higher Education research grant and publication grant
from i-Lab Australia.

REFERENCES

ABC. (2015). Two people treated in Tas hospital for
shellfish  poisoning. [online] Available at:
http://www.abc.net.au/news/2015-10-06/two-people-
treated-in-tas-hospital-for-shellfish-poisoning/6832220
[Accessed 4 Sep. 2016].

Ahmed, F. E. (1991). Naturally Occurring Fish and
Shellfish Poisons. In Seafood Safety. Washington (DC):
National Academies Press (US).

Andrews, L (2014). Clam Gulch probable case of paralytic
shellfish poisoning first ever reported at popular
clamming beach. [online] Available at:
http://www.adn.com/alaska-news/article/clam-gulch-



probable-case-paralytic-shellfish-poisoning-first-ever-
reported-popula-0/2014/06/18/ [Accessed 4 Sep. 2016].

Ansdell, V. E. (2015). Food Poisoning from Marine Toxins.
In CDC Health Information for International Travel .
Atlanta:  Centers for Disease  Control  and
Prevention[online] Available at:
http://wwwnc.cdc.gov/travel/yellowbook/2016/the-pre-
travel-consultation/food-poisoning-from-marine-toxins

Bessa, M.L., Antunes, S.C., Pereira, R., Gongalves, F.J.M.
and Nunes, B. (2016). Multibiomarker toxicity
characterization of uranium mine drainages to the fish
Carassiusauratus. Environmental Science and Pollution
Research, pp.1-13.

Breiman, L. (1984). Classification and regression trees,
Wadsworth International Group.

Canadian Food Inspection Agency (2012). Food Safety
Facts on Scombroid Poisoning. (Canadian Food
Inspection Agency).[online] Available at:
http://www.inspection.gc.ca/food/information-for-
consumers/fact-sheets/food-
poisoning/scombroid/eng/1332280657698/13322807350
24 [Accessed January 2, 2016].

Cheng, J.H. and Sun, D.W. (2016). Partial Least Squares
Regression (PLSR) Applied to NIR and HSI Spectral
Data Modeling to Predict Chemical Properties of Fish
Muscle. Food Engineering Reviews, 8, pp.1-14.

Cios, K., Kurgan, L., Pedrycz, W. and Swiniarski, R.
(2007). Data Mining. Boston, MA: Springer
Science+Business Media, LLC.

Davis, C. and Balentine, J. (2015). Ciguatera Fish Poisoning
(Ciguatera Toxin). eMedicineHealth. [online] Available
at:
http://www.emedicinehealth.com/wilderness_ciguatera t
oxin/article_em.htm [Accessed 5 Sep. 2016].

Davis, C. and Shiel, W. (2015). Shellfish Poisoning: Get
Facts on First Aid for Paralysis. eMedicineHealth.
[online] Available at:
http://www.emedicinehealth.com/wilderness_shellfish p
oisoning_gastrointestinal/article_ em.htm [Accessed 5
Sep. 2016].

Dickey, R.W. and Plakas, S.M.(2010). Ciguatera: a public
health perspective. Toxicon, 56(2), pp.123-136.

Dolan, T.E., Patrick, W.S. and Link, J.S.(2016). Delineating
the continuum of marine ecosystem-based management:
a US fisheries reference point perspective. ICES Journal
of Marine Science: Journal du Conseil, 73(4), pp.1042-
1050.

Elkadiri, R., Manche, C., Sultan, M., Al-Dousari, A., Uddin,
S.,  Chouinard, K. and Abotalib, A.Z.(2016).
Development of a Coupled Spatiotemporal Algal Bloom
Model for Coastal Areas: A Remote Sensing and Data
Mining-Based Approach../[EEE Journal of Selected
Topics in Applied Earth Observations and Remote
Sensing,99, pp (1-13).\

Feng, C., Teuber, S. and Gershwin, M.E. (2016). Histamine
(scombroid) fish poisoning: a comprehensive review.

255

Clinical reviews in allergy & immunology, 50(1), pp.64-
69.
Fiji (2016). Fiji consulate general | Fiji trade & investment |

investment sector profile. [online] available at:
http://fijiconsulategeneral.org.au/investment-sector-
profile/ [accessed 4 sep. 2016].

Fleming, L. E. (2016). Paralytic  Shellfish
Poisoning.[online] Available at:

http://www.whoi.edu/science/B/redtide/illness/psp.html
[Accessed: January 17, 2016].

Fuata, P. (2015). The Fijian Fishing Industry. Fiji Sun
Online.[online] Available at:
http://www.norusis.com/pdf/SPC_v13.pdf [Accessed 4
Sep. 2016].

Fuchsman, P.C., Henning, M.H., Sorensen, M.T., Brown,
L.E., Bock, M.J., Beals, C.D., Lyndall, J.L. and Magar,
V.S.(2016). Critical perspectives on mercury toxicity
reference values for protection of fish. Environmental
Toxicology and Chemistry, 35(3), pp.529-549.

Gil, A., & Gil, F. (2015). Fish, a Mediterranean source of n-
3 PUFA: benefits do not justify limiting consumption.
British Journal of Nutrition, 113(S2), pp.S58-S67.

Government Agency. (2015). Ciguatera fish poisoning
predicted to increase with rising sea temperature.
National Oceanic and Atmospheric Administration.
[online] Available at:
http://www.noaanews.noaa.gov/stories2015/120215-
ciguatera-fish-poisoning-predicted-to-increase-with-
rising-ocean-temperatures.html [Accessed: January 3,
2016].

Government of South Australia. (2015). SA Health.[online]
Available at:
http://www.sahealth.sa.gov.au/wps/wem/connect/public+
content/sa+health+internet/health+topics/health+conditio
ns+prevention+and-+treatment/infectious+diseases/fish+
poisoning/fish+poisoning+-
+including+symptoms+treatment+and+prevention
[Accessed: January 29, 2015].

Han and Kamber (2006). The Morgan Kaufmann Series in
Data Management Systems, Jim Gray, Series Editor,
Morgan Kaufmann Publishers, March 2006. ISBN 1-
55860-901-6.

Harada, M. (1995). Minamata Disease: Methylmercury
poisoning in Japan caused by environmental pollution.
Critical reviews in toxicology, 25 (1), 1-24.

Hurwitz, H., Douglas, P.S., Middleton, J.P., Sledge, G.W.,
Johnson, D.H., Reardon, D.A., Chen, D. and Rosen, O.(
2010). Analysis of early hypertension (HTN) and clinical
outcome with bevacizumab (BV). In ASCO Annual
Meeting Proceedings (Vol. 28, No. 15_suppl, p. 3039).

IAMAT (2015). Ciguatera fish poisoning.
(IAMAT).[online] Available at:
https://www.iamat.org/risks/ciguatera-fish-poisoning
[Accessed: January 3, 2016].

Thaka, J. (2012). Woman poisoned in Fiji still sick 18
months later. Otago Daily Times. [online] Available at:



https://www.odt.co.nz/news/national/woman-poisoned-
fiji-still-sick-18-months-later [Accessed 5 Sep. 2016].
Islam, Q. T., Razzak, M. A., Islam, M. A., Bari, M. 1,
Basher, A., Chowdhury, F. R., et al. (2013). Puffer fish
poisoning in Bangladesh: clinical and toxicological
results from large outbreaks in 2008. Transactions of the
Royal Society of Tropical Medicine and Hygiene, 105

(2), 74-80.
Jamsid-Jounela, S.L., Tikkala, V.M., Zakharov, A., Garcia,
O.P., Laavi, H., Myller, T., Kulomaa, T. and

Hamaildinen, V.( 2013). Outline of a fault diagnosis
system for a large-scale board machine. The
International Journal of Advanced Manufacturing
Technology, 65(9-12), pp.1741-1755.

Johns Hopkins Medicine (2015). What is Fish and Shellfish
Poisoning?[online] Available at:
http://www.hopkinsmedicine.org/healthlibrary/condition
s/travel _medicine/fish poisoning_85,P01434/
[Accessed: December 27, 2015].

Kaper, J.B., Nataro, J.P. and Mobley,
Pathogenic escherichia  coli.
Microbiology, 2(2), pp.123-140.

Koki, 1.B., Bayero, A.S., Umar, A. and Yusuf, S.(2015).
Health risk assessment of heavy metals in water, air, soil
and fish. African Journal of Pure and Applied
Chemistry, 9(11), pp.204-210.

Larsen, L. (2015). Do You Eat Fish? Learn About Ciguatera
Food Poisoning. Food Poisoning Bulletin. [online]
Available at: https://foodpoisoningbulletin.com/2015/do-
you-eat-fish-learn-about-ciguatera-food-poisoning/.

Lewis, R. J., & Sellin, M. (1993). Recovery of ciguatoxin
from fish flesh. Toxicon, 31 (10), 1333-1336.

Llewellyn, L.E. (2010). Revisiting the association between
sea surface temperature and the epidemiology of fish
poisoning in the South Pacific: Reassessing the link
between ciguatera and climate change. Toxicon, 56(5),
pp-691-697.

Loon, J.V. and Beamish, R.J. (1977). Heavy-metal
contamination by atmospheric fallout of several FlinFlon
area lakes and the relation to fish populations. Journal of
the Fisheries Board of Canada, 34(7), pp.899-906.

Lotte, F., Congedo, M., Lécuyer, A., Lamarche, F. and
Arnaldi, B. (2007). A review of classification algorithms
for EEG-based brain—computer interfaces. Journal of
neural engineering, 4(2), p.R1-13.

Malm, O., Guimaraes, J.R.D., Castro, M.B., Bastos, W.R.,
Viana, J.P., Branches, F.J.P., Silveira, E.G. and Pfeiffer,
W.C. (1997). Follow-up of mercury levels in fish, human
hair and urine in the Madeira and Tapajos basins,
Amazon, Brazil. Water, Air, and Soil Pollution, 97(1-2),
pp.-45-51.

Marcus, E. (2016). Ciguatera fish poisoning. UpToDate.
[online] Available at:
http://www.uptodate.com/contents/ciguatera-fish-
poisoning [Accessed 5 Sep. 2016].

H.L.(2004).
Nature  Reviews

256

Mataba, G.R., Verhaert, V., Blust, R. and Bervoets,
L.(2016). Distribution of trace elements in the aquatic
ecosystem of the Thigitheriver and the fish
Labeovictorianus in Tanzania and possible risks for
human consumption. Science of The Total Environment,
547, pp.48-59.

Mclntosh, J. (2015). Fish poisoning rates in Florida
‘underestimated. ~ MNT. [online] Available at:
http://www.medicalnewstoday.com/articles/296167.php
[Accessed 5 Sep. 2016].

McNeil, D. G. (2015). Fish Poisoning More Common Than
Believed. The New York Times. [online] Available
at:http://www.nytimes.com/2015/06/30/health/fish-
poisoning-more-common-than-believed.html? r=0
[Accessed: August 5, 2016].

Mead, B. (2014). Explainer: what is scombroid fish
poisoning?.The Conversation. [online] Available at:
http://theconversation.com/explainer-what-is-scombroid-
fish-poisoning-22838 [Accessed: August 5, 2016].

MedlinePlus. (2015). Poisoning - fish and shellfish.
(National Library of Medicine) [online] Available at:
https://www.nlm.nih.gov/medlineplus/ency/article/00285
1.htm [Accessed: December 20, 2016]

Mendoza CO, Rabanes AC, Jimenez EC, Azanza RV,
Cortez-Akhunzadah J, Cruz LJ. (2013). Detection of
ciguatera fish poisoning in the Philippines. J. Environ.
Sci. Manag. : 50-55 Special Issue 1

Muttil, N. and Chau, K.W. (2007). Machine-learning
paradigms for selecting ecologically significant input
variables. Engineering Applications of Artificial
Intelligence, 20(6), pp.735-744.

Nabhar, J., Imam, T., Tickle, K.S. and Chen, Y.P.P.( 2013).
Computational intelligence for heart disease diagnosis: A
medical knowledge driven approach. Expert Systems
with Applications, 40(1), pp.96-104.

Nahar, J., Tickle, K., Ali, S., and Chen, P. (2009).
Significant Cancer Prevention Factor Extraction: An
Association Rule Discovery Approach, Published for the
Journal of Medical Systems, 35(3), pp 353-67, June
20009.

Nordt, S.P. and Pomeranz, D. (2016). Scombroid poisoning
from tilapia. The American journal of emergency
medicine, 34(2), pp.339.el-.e2.

Norusis, M. (2012). IBM SPSS Statistics 19 statistical
procedures companion. Upper Saddle River, NI:
Prentice Hall.

Olander, D. (2015). Climate Change Increases Risk of Fish
Poisoning, Says New Study. Sport Fishing.[online]
Available at: http://www.sportfishingmag.com/climate-
change-increases-risk-fish-poisoning-says-new-
study[Accessed 5 Sep. 2016].

Orecle (2016). Data Mining Concepts. [online] Available at:
https://docs.oracle.com/cd/B28359 01/datamine.111/b28
129/classify.htm
[Accessed: August 23, 2016].



Poison. (2013). Ciguatera Outbreak in New York City. (The
Poison Review) [online] Available at:
http:www.thepoisonreview.com. [Accessed: October 7,
2015].

Schlogl, A., Lee, F., Bischof, H. and Pfurtscheller, G.
(2005). Characterization of four-class motor imagery
EEG data for the BCI-competition 2005. Journal of
neural engineering, 2(4), p.L14-22.

Science Alert. (2012). Fish poisoning increasing.
(ScienceAlert  Pty.  Ltd)[online]  Available at:
http://www.sciencealert.com/fish-poisoning-increasing
[Accessed: December 29, 2015]

Smith, N.S. and Zeller, D.(2016). Unreported catch and
tourist demand on local fisheries of small island states:
the case of The Bahamas, 1950-2010. Fishery Bulletin,
114(1), p117-131.

Soloway, R. (2009). Food Poisoning from Fish: Ciguatera
and Scombroid: What You Can't Smell, Can Hurt.
Poison Control. [online] Available at:
http://www.poison.org/articles/2009-jun/what-you-cant-
smell-can-hurt [Accessed 5 Sep. 2016].

Soto-Liebe, K., Lopez-Cortés, X. A., Fuentes-Valdes, J. J.,
Stucken, K., Gonzalez-Nilo, F., & Vasquez, M. (2013).
In Silico Analysis of Putative Paralytic Shellfish
Poisoning Toxins Export Proteins in Cyanobacteria.

Tan, C., & Lee, E. (1988). Paralytic shellfish poisoning in
Singapore. Toxicon, 26 (1), 42-42.

Tong, Y.D., Ou, L.B., Chen, L., Wang, H.H., Chen, C.,
Wang, X.J., Zhang, W. and Wang, Q.G. (2015).
Modeled methylmercury exposure and risk from rice
consumption for vulnerable populations in a traditional
fish-eating area in China. Environmental Toxicology and
Chemistry, 34(5), pp.1161-1168.

Torkar and Zwitter (2015). Historical impacts of mercury
mining and stocking of non-native fish on ichthyofauna
in the Idrijca River Basin, Slovenia. Aquatic Sciences,
77(3), pp-381-393.

Trevino, S. (1998). Fish and shellfish poisoning. Clinical
Laboratory Science, 11(5), p.309-14.

Verma, A.K. and Singh, T.N.(2013). Prediction of water
quality from simple field parameters. Environmental
earth sciences, 69(3), pp.821-829.

Vilar, G. L., Santos, R. D., & Carvalho, G. J. (2012).
Keriorrhoea After Consumption of Blue Marlin . Journal
of clinical toxicology , 2 (3), 1-2.

Washington State Department of Health. (2016). Amnesic

Shellfish  Poisoning (ASP) from Domoic Acid.
(Washington State Department of Health)[online]
Available at:

http://www.doh.wa.gov/CommunityandEnvironment/Sh
ellfish/BiotoxinslllnessPrevention/Biotoxins/ AmnesicSh
ellfishPoisoning [Accessed: January 15, 2016]

Weis, [.M.(2004). Mercury concentrations in fish from
Canadian Great Lakes areas of concern: an analysis of
data from the Canadian Department of Environment
database. Environmental research, 95(3), pp.341-350.

257

Wikipedia (2016). Ciguatera. [online] Available at:
https://en.wikipedia.org/wiki/Ciguatera [Accessed 4 Sep.
2016].

Wong C-K, Hung P, Lee KLH, Kam K-M. (2005). Study of
an outbreak of ciguatera fish poisoning in Hong Kong.
Toxicon 46(5): 563-571.

Yohannes, K., Dalton, C., Halliday, L., & Kirk, M. D.
(2002). An outbreak of gastrointestinal illness associated
with the consumption of escolar fish. Communicable
diseases intelligence, 26 (3), 441-445.



