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Abstract

Demand for giant African Land snail (Archachatina marginata) is on the increase in recent
years, but not much is known about the health indicators of this animal under indoor or intensi-
ve rearing. The aim of the study was to determine the effect of liveweight on biochemical and
physiological parameters of Archachatina marginata and to establish reference ranges for these
parameters. Snails used were assigned to 3 groups of 20 snails each based on their liveweight.
Haemolymph collected was analyzed for biochemical, hormonal and selected minerals. Result
showed that the effect of liveweight was not significant (P > 0.05) for Total protein (TP), Triglyce-
ride (Trig), Alanine transaminase (ALT) and Glucose (Glu). However, Liveweight had significant
effect (p < 0.05) on Albumin (Alb), Aspartate transaminase (AST), Cholesterol (Chl) and Creatini-
ne (Crt).

For hormonal profile, only T, was significantly influenced (p < 0.05) by liveweight, while ef-
fect of liveweight was not significant on Triiodothyronine (Tj), Follicle-stimulating hormone
(FSH), Estradiol (E,) and Progesterone (P,). For haemolymph minerals, liveweight only had si-
gnificant effect on Cu and Fe among others. Physiological profiles quantitatively recorded for
each of liveweight groups by the the present standard protocols provide a reference basis to qu-
antify physiological changes under different environmental conditions.

Address: John Adesanya Abiona, Federal University of Agriculture, Abeokuta, Nigeria, e-mail:
abionaja@funaab.edu.ng
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Introduction

Blood analysis has become imperative for a number of reasons. One of
such is for the health analysis of an animal. Blood samples are routinely
used in disease surveillance and diagnosis in companion animal, livestock
and human populations, at times providing the first indication of health
abnormalities (WILLARD et al. 1994, FELDMAN et al. 2000, STOCKHAM and
ScOTT 2002). The haemolymph of several marine bivalve species is useful
in the identification of pathogens and the evaluation of mussel condition
(PAILLARD et al. 1996, ALLAM et al. 2000). The analysis of blood constitu-
ents has been used to evaluate physiological stress in numerous marine
and terrestrial animals including fishes (MEKA and MCCORMICK 2005),
crustaceans (UHLMANN et al. 2009), snails (RENWRANTZ and SPILVOGEL
2011), and freshwater crayfish (MALEV et al. 2010). Similar assessment
strategies based on the non-lethal collection of haemolymph of freshwater
bivalves have been used in study to conserve and protect endangered and
declining populations (GUSTAFON et al. 2005a).

By using giant African land snails (GALS), several studies were car-
ried out on their reproductive performance (ADIO 2010, ABIONA et al. 2012,
ABIONA et al. 2016, ABIONA et al. 2018, ABIONA et al. 2021), nervous sys-
tem structure (Adebayo 2011), and circulatory system structure (Salami
2010). Comparative studies have been done on the haemolymph of A. mar-
ginata and A. achatina (SODIPE 2011, ABIONA et al. 2013, ABIONA et al.
2014) and on the duration of aestivation on biochemical and biophysical
parameters of A. marginata (ABDUSAMMAD 2010). All of these published
works were conducted by lethal sample collection methods.

By means of lethal blood sampling, haemolymph was collected to study
the effect of parasites, including trematodes and nematodes relevant to
human health, on their snail hosts (BROCKELMAN 1975, 1978, BROCKELMAN
and SITHITHAVORN 1980) or to investigate compounds of biomedical impor-
tance e.g. c-reactive protein (CRP) (AGRAWAL et al. 1990). Veterinary sur-
geons and others investigating disease in captive snails may also need to
take blood samples as part of diagnosis (COOPER and KNOWLER 1991). How-
ever, lethal sampling of a small number of animals is unlikely to reveal sta-
tistically convincing health information (WOBESER 1994, DORAN et al. 2001).

The assessment strategies based on the nonlethal repeated collection
of haemolymph from GALS need to be developed for physiological exam-
ination of these animals. GALS has been identified as a health risk in
some parts of the western world. However, they remain a favored food
resource in other parts such as the African and Asian continents. Recently,
the increasing demand for GALS of Archachatina marginata as a food sup-
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ply have intensified effort to enlarge local snail farming scales. However,
the lack of sufficient knowledge on critical physiology necessary to boost
their reproduction has been interfering with cultivating GALS success-
fully. Facts relating to health indicators are not well understood and are
not readily available to farmers. Provision of relevant information in this
area is seriously needed both at local and international levels to further
improve farmer’s earning and livelihood.

Understanding of GALS’s haemolymph chemistry is a fundamental
measure for the ultimate establishment of snail farming protocol. The aim
of this study was to determine the effect of liveweight on the haemolymph
biochemical and physiological parameters in three liveweight categories of
A. marginata using non-lethal method of hemolymh collection (AJIBOYE
2021) and to develop a set of reference standards for the three weight cat-
egories considered.

Materials and Methods

Experimental design and management of animals

Sixty snails used for this study were sourced locally in Abeokuta, Ogun
State, Nigeria. The snails were assigned to 3 groups of 20 snails each based
on their liveweights (Treatment 1: 100—-200 g, Treatment 2: 201-300 g,
Treatment 3: 301-400 g) which may not be age related. The snails were
acclimatized to laboratory environment before the commencement of hae-
molymph collection.

Haemolymph collection. Four milliliter (4 ml) of haemolymph was
collected from the foot sinus using a 23 Gage needle and syringe. Haemo-
lymph collected was thereafter analyzed to obotain biochemical profiles of
hormons and selected minerals.

Haemolymph collection was carried out after cleaning the snails with
sterile water. Detailed demonstration of haemolymph collection is shown
in Figure 1 (AJIBOYE et al. 2022).

Biochemical analysis of Haemolymph. Total protein and albumin
concentrations of each individual were determined using the biuret method
described by HENRY et al. (1974). The glucose content was determined by
the colorimetric method of BAUMNIGER (1974). The Triglycerides (Trig)
and Cholesterol (Chl) assay were done following the method of GRANT
(1987). Alanine transaminase (ALT), Aspartate transaminase (AST), and
Creatinine were also determined by the methods described by BERGMEYER
et al. (1985, 1986).
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Fig. 1. Demonstration of haemolymph collection via the foot sinus with needle and syringe
Source: AJIBOYE et al. (2022)

Hormonal profile determination. Haemolymph concentrations of
total trioiodothyronine (T5) and tetraiodothyronine (T, ) as well as estra-
diol (E,), progesterone (P,) and follicle stimulating hormone (FSH) were
determined quantitatively using commercial Bio-inteco ELISA kits after
which results were read with ELX800 Elisa reader.

Selected haemolymph mineral determination. Selected haemo-
lymph minerals like Zinc (Zn), Copper (Cu) and Iron (Fe) were determined
spectrophotometrically by appropriate LABKIT.

Results

Effect of liveweight on haemolymph biochemical parameters of
A. marginata is shown in Table 1. Liveweight had significant effect
(P <0.05) on the amounts of albumin, globulin, creatinine, cholesterol and
aspartate aminotransferase. On the contrary, liveweight had no signifi-
cant effect (P> 0.05) on those of total protein, glucose, alanine aminotrans-
ferase and triglyceride. Albumin concentration was found to be higher in
both 100-200 g and 201-300 g liveweight group categories than in the
301-400 g group. The concentration of globulin was significantly higher in
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the 300—400 g group than in the 100-200 g and 201-300 g groups. The
pattern seen in creatinine was similar to those observed in albumin, but
with the exception that the group of snails under 100-200 g were not sig-
nificantly different from the 301-400 g. For cholesterol, the 301-400 g
group had higher significant value than the 100-200 g and 201-300 g
groups. AST values were significantly higher in snails of the 100-200 g
and 201-300 g groups than those of the 301-400 g group.

Table 1
Effect of liveweight group on haemolymph biochemical parameters of Archachatina marginata

Haemolymph Biochemical Parameters (=SE)

LWG [g]| TP Alb Glb Gle Crt Chl AST ALT Trig
[gdl] | [g/dl] [g/d]] [g/d]] [mg/dl] | [mg/dl] [U/L] [UA] | [mg/dl]

100-200 [3.61 +0.19] 1.86 +0.1¢|1.75 £0.125|14.36 £0.93| 1.57 £0.20% | 22.11 +1.16%0| 64.20 +3.6%|20.67 +1.83|18.02 +2.82

201-300 [3.73 +0.19]2.13 +0.1%|1.62 +0.12514.69 +0.93| 1.90 +0.20% | 19.65 +1.16> | 63.87 +3.6%(19.80 +1.83|23.75 +2.82

301-400 |3.46 +0.19| 1.17 0.1 [2.28 £0.129|16.57 £0.93| 1.17 £0.20° | 25.25 +1.16% | 46.27 =3.6° [22.47 £1.83|17.59 +2.82

Explanations: % means with different superscripts within the same column differ significantly
(p < 0.05); TP — total protein; Alb — albumin; Glb — globulin; Glc — glucose; Crt — creatinine;
Chl — cholesterol; ALT — alanine aminotransferase; AST — aspartate aminotransferase; Trig — tri-
glyceride; LWG — liveweight group

Effect of liveweight on haemolymph hormonal profile of A. marginata
is shown in Table 2. It was clear from this table that livewight had no sig-
nificant effect (P > 0.05) on follicle stimulating hormone (FSH), trioiodo-
thyronine (Tj), estradiol (Ey) and progesterone (T,). However, the value
for T, was higher in 301-400 g than 100-200 g and 201-300 g (P < 0.05).

Table 2
Effect of liveweight group on haemolymph hormonal profile of Archachatina marginata

Haemolymph hormonal profile (+SE)
LWG [g]
FSH [mlU/ml] | T, [ug/dl] Ty [ng/dl ] E, [pg/ml ] P, [ng/ml ]
100-200 29.53 +0.50 1.32 +0.17° 1.51 +0.12 6.64 +0.20 2.05 +0.14
201-300 30.31 +0.50 1.30 £0.17° 1.29 +0.12 7.08 £0.20 1.79 £0.14
301-400 30.76 +0.50 2.90 +0.17¢ 1.13 £0.12 7.17 £0.20 1.72 £0.14

Explanations: @ means with different superscripts within the same column differ significantly
(P < 0.05); FSH — follicle stimulating hormone; T, — tetraiodothyronine; T4 — trioiodothyronine;
E, — estradiol; P, — progesterone; LWG — liveweight group

Table 3 shows the effect of liveweight on the quantities of selected
minerals in the haemolymph of Archachatna marginata. Liveweight had
significant effect (P < 0.05) on copper (Cu) and iron (Fe). However, for zinc
(Zn), effect of liveweight was not significant (P > 0.05).
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Table 3
Effect of liveweight group on selected minerals in Archachatina marginata
Minerals (=SE)
LWG [g]
zinc (Zn) [pg/dl] copper (Cu) [ug/dl] iron (Fe) [ng/dl]
100-200 397.40 +33.90 505.90 £17.90¢ 372.90 +£30.80¢
201-300 414.70 £33.90 471.30 +£17.90¢ 295.70 +30.80%0
301-400 320.40 £33.90 302.10 +17.90° 204.40 +30.80°
Reference 300-450 250-480 204-380

Explanations: % means with different superscripts within the same column differ significantly
(P < 0.05); LWG — liveweight group

Discussion

Liveweight had no significant effect on haemolymph total protein. The
results on protein concentration in the three size groups of Indoplanorbis
exustus and Lymnaea acuminate F. rufescens showed an increasing trend
in relation to size/age. Other factors such as parasitism, bacterial chal-
lenge and starvation are considered very important factors controlling
total haemolymph protein in molluscs (REJU 1990). The level of serum
protein in B. glabrata was found to increase when challenged with live
bacterium (CHENG et al. 1978). Haemolymph protein and free amino acid
concentrations in B. glabrata were found to change due to infection
(DUSANIC and LEWERT 1963, GILBERTSON et al. 1967, LEE and CHENG
(1972). By day 70 post-exposure to the parasite Schistosoma mansoni, the
total protein content had declined to one third of that in uninifected snails
(GRESS and CHENG 1973, MANOHAR and RAO 1977). BECKER and HIRT-
BACH (1975) reported decrease in haemolymph protein after seven days of
starvation in B. glabarata.

In snails, it has been identified that the lipids are involved in the ani-
mal’s survival under physiological stress conditions, such as long feed
restriction or when snails are parasitized, when the carbohydrates reserve
are quickly depleted and the lipids are consumed more frequently (STOREY
2002, GIOKAS et al. 2005, BANDSTRA et al. 2006). LUSTRINO et al. (2010)
reported that triglyceride metabolism in A. fulica is more influenced by
photoperiod variations. REJU (1990) reported significant variation in total
lipid concentration among snails of different size groups in P. virens. Lipid
level was found to be significantly higher in small size groups than in the
intermediate and larger groups. Considering the intermediate and larger
groups as adults and hence reproductively very active, he attributed the
low values to the utilization of lipid during gametogenesis. GOMOT (1998)
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also reported a decrease in the lipid content of H. pomatia, H. aspersa and
H. aspersa maxima with age. Lipids are the metabolic storage products for
producing gametes (WEBBER 1970) hence gametogenesis leads to a decline
in lipid storage content which is reflected as low haemolymph lipid level in
adults. The high haemolymph lipid content in small size group snails may
be an indication of large scale movement of lipid to gonads prior to game-
togenesis (REJU 1990). NICOLAI et al (2012) reported difference in tri-
glyceride concentrations between physiological states but not between
geographical origins in the land snail Helix aspersa. Contrary to Reju’s
findings, the results of this study indicated that liveweight had no signifi-
cant effect on the concentration of triglycerides in A. marginata snails.
Differences in synthesis and utilization of lipids between species may be
responsible for the results obtained. The physiological state of the snails
used may also be responsible for the difference in results obtained.
Alanine aminotransferase concentration was not significantly affected
by liveweight. Aspartate aminotransferase was, however, significantly
affected. This result corroborates the statement by SWAMI and REDDY
(1978), that the size of the animal is one of the factors affecting transami-
nase activity. There was no significant difference between AST concentra-
tions between liveweight group 1 and 2 (100-200 g and 201-300 g) snails
with the concentration being higher in the liveweight group 3 (301-400 g)
snails. REJU (1990) reported a decline in AST and ALT activity with
increase in body size. According to him, the decrease was more prominent
in ALT. The author attributed the decline in the activity of these enzymes
to the general decrease of metabolic rate and growth rate noted in gastro-
pods along with increase in size or progress in age (HANIFFA 1980;
ALDRIDGE 1982). In small size group snails, increased metabolic and
assimilation rates require transaminase in high concentrations while with
decrease in metabolic turnover, in large snails, the levels of transferases
also show a declining trend (REJU 1990). Other factors affecting the trans-
aminase activity such as difference in species, season, food, size of the
animal, and assay procedures (SWAMI and REDDY 1978) may be responsi-
ble for the differences in results obtained for ALT in these snails.
Liveweight had no significant effect on haemolymph glucose concen-
tration. This result is contrary to that of SURESH (1990). Suresh reported
considerable variations in total carbohydrate and glycogen levels in the
three size groups of both I. exustus and L. acuminate, F. rufescens. In both
species, a general trend for increase in the concentrations of both total
carbohydrate and glycogen was observed in relation to the size/age of the
animals. In both species, the largest size group showed highly significant
increase in glycogen and carbohydrate levels than the other two size
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groups. According to him, it may be considered that age/shell size is a factor
which to a certain extent determines the level of both glycogen and total
carbohydrate in I. exustus and L. acuminata. Haemolymph glucose concen-
tration in A. marginata does not seem to be weight dependent as can be
deduced from the results of this study. Numerous factors have been reported
to alter the haemolymph glucose concentrations in gastropods. They include
(a) blood sampling procedures and other experimental manipulations (SUB-
RAMANYAM 1973), (b) quality of food assimilated (MEENAKSHI and SCHEER
1968, FRIEDL 1971, SCHEERBOOM 1978, STANISLAWSKI and BECKER 1979),
and (c) quantity of food (SCHEEERBOOM 1978), (d) seasonal changes; the
changes are usually in response to changes in environmental temperature
and food availability and are often linked to seasonal reproductive cycles, (e)
aestivation, which is characterized by a drop in oxygen consumption and
haemolymph reserve carbohydrate (SWAMI and REDDY 1978, HORNE 1979),
(f) circadian flunctuations, for instance in the slug L. alte, the total carbohy-
drate of several tissues was the highest during the inactive light phase and
lowest during the active dark phase (KUMAR et al. 1981) and [g] parasitism;
decreased tissue carbohydrate levels and/or decreased blood glucose concen-
trations as a result of infection in molluscs have been observed in a number
of cases (LEE and CHENG 1971, ROBSON and WILLIAMS 1971, CHRISTIE
et al. 1974, VAIDYA 1979, MOHAMED and ISHAK 1981).

The presence of thyroid hormones was reported for the first time in
A. fulica a land gastropod by LUSTRINO et al (2017). Thyroid hormones and
their receptors have been well studied in vertebrates but less is known
about the mechanisms by which they regulate the physiology and behavior
in molluscs (LUSTRINO et al. 2017). The presence of TSH receptors and the
evidence of endogenous synthesis of TSH have been shown in the freshwa-
ter gastropod Lymnaea stagnalis (TENSEN et al. 1994), the sea hare Aply-
sia californica (HEYLAND et al. 2006), Pacific Oyster, Crassostrea gigas
(Huang et al. 2015). According to LUSTRINO et al (2017) only T, was found
in A. fulica by Radioimmunoassay (RIA) analysis and its level declined
after both starvation and deproteinisation. According to them, T, concen-
trations varied greatly among the animals used for the experiment. Also, no
significant correlation was found between the biomass of the molluscs and
T, concentration. In this study, liveweight had no significant effect on Ts.
It, however, had significant effect on T, in the larger snails (301-400 g).
There was no significant difference in the liveweight effect on the smaller
snails (100-200 g, 201-300 g).

Liveweight had no significant effect on FSH, P, and E,. According to
OKHALE et al (2018), the mean concentrations of the hormones were found
to be significantly influenced by the reproductive phases and aestivation of
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the snails. DI COSMO et al. (2001), reported that progesterone levels flunc-
tuate according to the reproductive cycle in molluscs being very low during
the non-vitellogenic period and increasing at the onset of vitellogenesis.
OKHALE et al (2018) reported that FSH was relatively unaffected by aesti-
vation treatments across reproductive phases. The author, however,
reported that there was a trend of higher concentration of FSH at the dor-
mancy and a decline in the pre-spawning and spawning phases and an
eventual upsurge at the post-spawning phase. Environmental conditions
affect reproductive function in live snails (CELIK et al. 2019). Optimal
temperature, humidity and photoperiod encourage breeding activity of
C. aspersum (JEPPESEN and NYGARD 1976, DAGUZAN 1982). From the cur-
rent result, it may be inferred that these snails used in their study were
probably not in the reproductive phase.

Liveweight had significant effect on Cu and Fe concentrations but had
no significant effect on Zn concentration. This finding is in agreement with
LUKONG et al. (2012). LUKONG et al. 2012, investigated the effect of pro-
longed aestivation on the composition of the major elements (K, Na, Ca,
Mg, Fe and Zn) and found that the concentration of Zn did not change
significantly throughout the experimental procedure while concentrations
of Fe showed significant changes.

Accepted for print 26.11.2024
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Abstract

Harmful algal blooms (HABs) include toxic and non-toxic blooms of microalgae and macroal-
gae that are detrimental to aquatic ecosystems, have negative impacts on human health or so-
cio-economic interests. All of these aspects are important for tourism and recreation related to
marine areas, coastal waters, shorelines and coastal areas. They reduce the attractiveness of the
regions in which they occur and can be a determinant of directional preferences for tourism activ-
ities. The aim of this study is to analyse the occurrence of typical HABs in tourist regions of the
world, taking into account the taxa that cause them and the threats they pose. The analysis is
based on a review of knowledge on the subject. It outlines the magnitude of the problems associ-
ated with the occurrence of HABs and demonstrates their relationship to the tourism sector. It
also indicates the need for the tourism sector to obtain information on HABs in order to verify
the availability of safe destinations for tourism.

Introduction

An algal bloom is a rapid mass growth of one or more species of organ-
isms living in an aquatic environment, which can be generally referred to
by the name algae (ASSMY and SMETACEK 2009, SMAYDA 1997). Algae are
a morphological-ecological group that includes organisms that have simi-
lar environmental requirements but different origins and features of cell
structure and form of morphological organization. They are photosynthe-
sizing eukaryotic organisms from several unrelated evolutionary lineages,
constituting a polyphyletic group that includes, both microscopic unicellu-
lar and multicellular organisms, and macroscopic organisms with a mol-
luscan structure (BARSANTI and GUALTIERI 2014, CHAPMAN 2013). The
microscopic algae that form blooms are mostly planktonic, less frequently
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benthic forms. The large macroscopic algae are the so-called seaweeds.
The term algal bloom refers, most often, to the massive growth of micro-
scopic phytoplankton algae rather than the rapid growth of macroscopic
seaweeds. Photosynthesizing cyanobacteria as prokaryotes are not scien-
tifically classified as algae, but the common name blue-green algae is still
used synonymously with cyanobacteria (BARSANTI and GUALTIERI 2014,
CASTENHOLZ 1992), and the term algal bloom often includes cyanobacte-
rial blooms (SMAYDA 1997).

Algal blooms are not a new event. In the aquatic environment, the
bloom effect is a natural phenomenon resulting from ecological succession,
which is becoming increasingly common due to increasing anthropogenic
eutrophication of waters and global climate warming. Blooms are becom-
ing more frequent, more widespread and long-lasting, and their effects are
increasingly affecting aquatic ecosystems directly, terrestrial ecosystems
indirectly, as well as the economy, including tourism, and causing increas-
ing losses (KUDELA et al. 2017).

The global problem of blooms has led to the adoption of a separate
definition of so-called harmful algal blooms. Harmful algal bloom (HAB) is
a term that refers to toxic and non-toxic blooms of microalgae and mac-
roalgae that are harmful to aquatic ecosystems, have negative impacts on
human health or socio-economic interests (KUDELA et al. 2017). The term
harmful algal blooms (HABs) was introduced decades ago and is now pre-
ferred to the term ‘red tide’ because it covers all those varieties of algal
blooms that are potentially harmful, including cyanobacterial blooms as
CyanoHABs (SMAYDA 1997).

HABs can be harmful in two different ways. The first way in which
HABs are harmful is through their high biomass accumulation, which can
have a negative impact on the aquatic environment and consequently
cause disturbance to aquatic ecosystems. Most often already in the bloom
stage, massive algal growth can change the colour of the water, depending
on the dominant species. The smell of the water also depends on the type
of algal bloom. Already these visual and olfactory aspects are an adverse
effect of the occurrence of a bloom and are indicative of a deterioration in
water quality. During the duration of the bloom and during the decompo-
sition phase, hypoxia of the water masses (anoxia) occurs, which can cause
mortality of many marine animal species and consequently lead to the loss
of natural marine resources. High mortality of marine animals also leads
to negative changes in the coastal zone, where dead animal organisms
discarded on the shore decompose, as does the mass of algae, emitting an
unpleasant odour and sometimes also toxic gases (ammonia, hydrogen sul-
fide) (SELLNER et al. 2003). A second way in which HABs are harmful is
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through the production and release of toxic compounds into the environ-
ment, which affect a variety of organisms, from plankton to humans
(BIALCZYK et al. 2009). These compounds can be the direct cause of mass
death in marine animals or can cause disease and death when the animals
that have accumulated them are consumed by consumers in the food web.
Accumulation of these compounds in organisms feeding on phytoplankton
can cause numerous poisonings also in humans consuming so-called ‘sea-
food’. Human poisoning induced by marine toxins has been divided into
different types depending on the effects caused. These are: paralytic shell-
fish poisoning — PSP (the causative poison is saxitoxins), neurotoxic shell-
fish poisoning — NSP (the causative poison is brevetoxins and macrocyclic
imines), amnesic shellfish poisoning — ASP (the causative poison is domoic
acid), diarrheic shellfish poisoning — DSP (the causative poison is okadaic
acid), ciguatera fish poisoning — CFP (the causative poisons are ciguatoxin
and maitotoxin), azaspiracid shellfish poisoning (AZP) (the causative poi-
son is azaspiracid) (VAN DOLAH 2000). In addition to toxins that accumu-
late in organisms at lower trophic levels and are passed up the food chain
to higher trophic levels, there is a large group of toxins that have a direct
lethal effect on marine organisms. These are mostly lipophilic and ichthy-
otoxin in nature, but the mechanism of action of many of them is not yet
fully understood (MICHALSKI 2006, VAN DOLAH 2000).

The growing interest in HABs includes, concerns about public health
safety and negative impacts on marine ecosystems Addresses the risks
associated with the harvesting of fish and seafood and the potential to
exploit the potential of natural marine natural resources and their attrac-
tiveness. All these aspects of HABs impacts are of interest to tourism and
recreation related to marine areas, coastal waters, shorelines and coastal
areas.

Materials and Methods

The paper is a review. Research articles on marine harmful algal
blooms of the HABs type were used as the material for analysis. The search
for articles required for the state of the art review was conducted using the
ISI Web of Knowledge and Google Scholar databases of scientific publica-
tions. From the records obtained, a selection method was used to select all
those articles that were thematically relevant and could be used to analyse
general trends in the occurrence of HABs and the algal species that cause
them. The species names used in the article follow the current taxonomic
nomenclature adopted by AlgaeBase and refer to an entity that is cur-



220 Bozena Jaworska

rently taxonomically accepted. The division of the world into tourism
regions used is consistent with UN Tourism (formerly UNWTO).

Results and Discussion

Harmful algal blooms cover various sea coasts in all tourist regions of
the world. They occur on the Atlantic, Pacific and Indian Ocean coasts.
Although all coastal regions experience the impact of harmful algal spe-
cies, different HAB species live in different waters and cause different
problems. Of the approximately 5,000 known species of marine algae,
about 300 can occur in very high numbers, causing water blooms (ZOHDI
and ABBASPOUR 2019). Each of these species needs a unique set of environ-
mental conditions for dynamic mass growth forming HABs. Other factors
that affect populations of bloom-forming algal species, such as coastal
structure, hydrographic regimes, oceanography and other water-dwelling
organisms, can alter the extent and severity of HAB impacts (SELLNER
et al. 2021).

Americas region

The tourist region of the Americas includes both North America and
South America, as well as Central America lying in between, which geo-
graphically belongs to North America. Harmful algal blooms pertaining to
the Americas region occur in the western Adriatic and eastern Pacific
waters (Table 1).

Table 1
Species forming HABs typical of the American tourist region, their taxonomic category
and main toxins

Phylum Class Species Toxins

1 2 3 4

Americas region: north-east coasts of North America

Alexandrium catenella (Whedon
& Kofoid) Balech 1985

Margalefidinium polykrikoi-
Dinoflagellata Dinophyceae des (Margalef) F. Gémez, Richlen TBD*
& D.M. Anderson 2017

Dinoflagellata Dinophyceae saxitoxins

Karlodinium veneficum (D. Ballantine)

J. Larsen 2000 carlotoxins

Dinoflagellata Dinophyceae

Aureococcus anophagefferens

*
Hargraves & Sieburth 1988 TBD

Heterokontophyta | Pelagophyceae
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cont. Table 1

1 2 3 4
Americas region: south-east coasts of North America
. . Karenia brevis (C.C. Davis) Gert .
Dinoflagellata Dinophyceae Hansen & Moestrup 2000 brevetoxins
Dinoflagellata Dinophyceae Pyrodinium bahamense L. Ptyta 1906 | saxitoxins
. Pseudo-nitzschia australis Frenguelli domoic
Heterokontophyta | Bacillariophyceae 1939 acids
. . Gambierdiscus toxicus R. Adachi . .
Dinoflagellata Dinophyceae & Y. Fukuyo 1979 ciguatoxins
Dinoflagellata Dinophyceae Dinophysis ovum F. Schiitt 1895 Zl;&gialc
Haptophyta Coccolithophyceae | Prymnesium parvum N. Carter 1937 prymnesins
Americas region: Caribbean coasts and the east coast of Central America
. . Gymnodinium catenatum -
Dinoflagellata Dinophyceae HW. Graham 1943 saxitoxins
Dinoflagellata Dinophyceae Pyrodinium bahamense L. Plyta 1906 saxitoxins
. . Gambierdiscus toxicuss R. Adachi . .
Dinoflagellata Dinophyceae & Y. Fukuyo 1979 ciguatoxins
Margalefidinium polykrikoides
Dinoflagellata Dinophyceae (Margalef) F. Gémez, Richlen TBD*
& D.M. Anderson 2017
Heterokontophyta | Phaeophyceae fg;gassum natans (Linnaeus) Gaillon biomass
Sargassum fluitans (Bergesen) .
Heterokontophyta | Phaeophyceae Borgesen 1914 biomass
Americas region: north-west coasts of North America
. . Alexandrium catenella (Whedon N
Dinoflagellata Dinophyceae & Kofoid) Balech 1985 saxitoxins
. . Gymnodinium catenatum N
Dinoflagellata Dinophyceae HW. Graham 1943 saxitoxins
Dinoflagellata Dinophyceae Pyrodinium bahamanse L. Ptyta 1906 | saxitoxins
Americas region: south-west coasts of North America
. Pseudo-nitzschia australis Frenguelli domoic
Heterokontophyta | Bacillariophyceae 1939 acids
Lingulaulax polyedra (F. Stein)
Dinoflagellata Dinophyceae M.J. Head, K.N. Mertens yessotoxins
& R.A. Fensome 2024
Margalefidinium fulvescens
. . (M. Iwataki, H. Kawami & Matsuoka) .
Dinoflagellata Dinophyceae F. Gémez, Richlen & D.M. Anderson | 10D
2017
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cont. Table 1

1 2 3 4
. . Akashiwo sanguinea (K. Hirasaka) "
Dinoflagellata Dinophyceae Gert Hansen i Moestrup 2000 TBD
Heterokontophyta | Raphidophyceae Chattonella subsalsa B. Biecheler 1936 | TBD*
Americas region: west coasts of Central America
Dinoflagellata Dinophyceae Pyrodinium bahamanse L. Pltyta 1906 | saxitoxins
Americas region: north-east coast of South America
. . Dinophysis acuminata Claparéede okadaic
Dinoflagellata Dinophyceae & Lachmann 1859 acids
Dinoflagellata Dinophyceae ?ggnodzmum catenatum H.W. Graham saxitoxins
Americas region: south-east coasts of South America
. . Dinophysis acuminata Claparede okadaic
Dinoflagellata Dinophyceae & Lachmann 1859 acids
Dinoflagellata Dinophyceae Dinophysis tripos Gourret 1883 zléﬁialc
. . Alexandrium tamarense (Lebour) ..
Dinoflagellata Dinophyceae Balech 1995, saxitoxins
. . Alexandrium catenella (Whedon N
Dinoflagellata Dinophyceae & Kofoid) Balech 1985 saxitoxins
. . Prorocentrum lima (Ehrenberg) F. Stein | okadaic
Dinoflagellata Dinophyceae 1878 acids
Americas region: north-west coasts of South America
. Heterosigma akashiwo (Hada) Hada ex "
Heterokontophyta | Raphidophyceae V. Hara & Chihara 1987 TBD
. . Dinophysis acuminata Claparéde okadaic
Dinoflagellata Dinophyceae & Lachmann 1859 acids
Americas region: south-west coasts of South America
. . Alexandrium catenella (Whedon N
Dinoflagellata Dinophyceae & Kofoid) Balech 1985 saxitoxins
R Pseudo-nitzschia australis Frenguelli domoic
Heterokontophyta | Bacillariophyceae 1939 acids
Pseudochattonella verruculosa (Y. Hara
Heterokontophyta | Dictyochophyceae | & Chihara) S. Tanabe-Hosoi, D. Honda, | TBD*
S. Fukaya, Y. Inagaki & Y. Sako 2007

* to be determined/decided/declared — toxins associated with the mechanism of lethal action on
aquatic organisms are yet to be determined
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In the western Atlantic, on the coasts of northeastern North America,
harmful algal blooms (HABs) are most commonly caused (for 100 years) by
Alexandrium catenella. This toxic thecate dinoflagellate produces saxitox-
ins that accumulate in shellfish and can cause paralytic shellfish poison-
ing in humans (PSP). It occurs along the east coast of Canada and the
USA, from Maine to New Jersey (ANDERSON et al. 2021, MCKENZIE et al.
2021). Other HABs species causing problems in the region include Marga-
lefidinium polykrikoides, Karlodinium veneficum and Aureococcus ano-
phagefferens. The first two are athecate dinoflagellates and the third
belongs to the heteroconta. They all generate toxins that affect marine
organisms in different ways, in effect causing their death. This applies to
both wildlife and aquaculture. These species also cause high biomass
blooms that turn the water brown or red and reduce its visual and recre-
ational value (ANDERSON et al. 2021). HABs occur on the south-eastern
coasts of North America, which are most commonly formed by the dinofla-
gellates Karenia brevis and Pyroidinium bahamense and the diatom Pseu-
do-nitzschia australis. All three produce neurotoxins that accumulate in
molluscs and crustaceans. Brevetoxins of Karenia brevis can cause neuro-
toxic shellfish poisoning in humans (NSP) Saxitoxins of Pyroidinium
bahamense pose a risk of paralytic shellfish poisoning (PSP) in humans.
Neurotoxins (domoic acid) produced, by Pseudo-nitzschia australis, can
cause amnesic shellfish poisoning (ASP). For this reason, aquaculture
areas affected by these algal blooms are being closely monitored and sea-
food harvesting from them may be halted to protect public health. Restric-
tions on shellfish farming due to these HABs are common in Florida coastal
waters (ANDERSON et al. 2021). In addition, recreational harvesting of fish
1s prohibited in some Florida estuaries due to the potential for human cig-
uatera poisoning (CFP). Ciguatera fish poisoning (neurotoxins) is a con-
cern in South Florida due to toxins produced by Gambierdiscus toxicus,
a furry fish associated with macroalgae on coral reefs. Such blooms in July
2016 led to the destruction of many businesses and even the closure of
some. Loss of revenue was reported by restaurants and hotels in South
Florida (HEIL and MUNI-MORGAN 2021). Losses to tourism-related busi-
nesses due to Karenia brevis blooms in 2018 were estimated at $2.7 billion,
meaning that HABs and their impact on tourism in the region could be
considered a potential ‘billion-dollar disaster’ (ALVAREZ et al. 2024,
BECHARD 2020). The Gulf of Mexico is experiencing blooms of Karenia bre-
vis, as are the coasts of Florida, but also many other HABs. Shellfish farm
closures have occurred in Texas due to Dinophysis ovum blooms, which
can cause diarrhetic shellfish poisoning (DSP). The routes by which the
toxins can enter the human body are mainly seafood. The overall economic
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impact of these HABs is difficult to determine, but in 2003 alone, more
than US$ 6 million in profit from sport fishing and tourism was lost in
Texas due to a bloom towards Prymnesium parvum, a haptophyte species
that produces phycotoxins (prymnesins) that are lethal to fish (LUNDGREN
et al. 2015).

HAB blooms also affect the waters of the Caribbean Sea and the coastal
areas of the Caribbean islands, on the one hand, and the coasts of Central
American countries, on the other. The most common HAB-forming species
there are Gymnodinium catenatum, Pyrodinium bahamense, Gambierdis-
cus toxicus and, in recent years, Margalefidinium polykrikoides. Blooms of
these and other algae are increasingly common there, causing mass mor-
tality of fish and invertebrates and a major threat to food security in the
region. Paralytic shellfish poisoning (PSP) caused by Gymnodinium cate-
natum and Pyrodinium bahamense blooms and ciguatera fish poisoning
occurring as a result of Gambierdiscus blooms are also a problem (SUNESEN
et al. 2021). However, the biggest problem for Caribbean coasts is macroal-
gal blooms. These are algae from the brown algae cluster mostly Sargas-
sum natans and Sargassum fluitans species, reaching over a metre in
length and highly branched. Representatives of Sargassum spp. occupy
vast spaces in warm seas (SUMANDIARSA et al. 2021). Among others, they
are found in the Sargasso Sea, where they provide food and breeding
grounds for many species of fish, turtles and other juvenile marine life.
Normally they occur in the open ocean, but for some time they have been
accumulating in the coastal zone of Caribbean islands to form blooms.
There, the huge concentrations of algae have a detrimental effect on the
aquatic ecosystem, blocking light, depleting oxygen, altering habitats and
causing the death of many species of aquatic organisms, stranded ashore
they accumulate, up to 3 meters high. During the decomposition phase,
they emit an unpleasant odour and toxic gases (hydrogen sulfide and
ammonia). The gases emitted by Sargassum spp. can cause respiratory,
skin and nervous system symptoms in both residents and tourists
(ROBLEDO et al. 2021). Tourists are disillusioned with the aesthetics of
Caribbean beaches and residents find it difficult to go to sea for work.
Sargassum spp. blooms pose a serious threat to the local economies of
HABs-affected countries, negatively impacting tourism, and approxi-
mately 70% of territories in the Caribbean region are financially depen-
dent on tourism. Island societies are affected by HABs materially, finan-
cially and in terms of health (RESIERE et al. 2023).

In the eastern Pacific, along the northern part of the west coast of
North America, from Alaska to California, blooms are usually formed by
Alexandrium catenella, Gymnodinium catenatum, Pyrodinium bahamanse
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or other species of these genera. These are thecate dinoflagellates that
produce neurotoxins (mainly saxitoxins) that accumulate in invertebrates
and, over time, in fish and other vertebrates, leading to disease and death
in a variety of marine organisms (MCKENZIE et al. 2021). They also cause
economic losses. The coasts of Alaska and Georges Bank are ideal areas for
crustaceans fishing, but they are often so contaminated by the presence of
toxic algae that no fishing can take place there, due to the risk of paralytic
shellfish poisoning (PSP) in humans. The largest shellfish shoal, George
Bank, has been closed since 1989 due to the massive year-round presence
of toxins in the water. Alaska’s shellfish resources, estimated at $50 mil-
lion per year, do not provide this economic benefit through HABs (LEVITUS
et al. 2012). On the coasts of south-western North America (in southern
California and Mexico), the cause of blooms is most often the massive
growth of Pseudo-nitzschia australis (EKSTROM et al. 2020, LEWITUS et al.
2012). The consequences of blooms can be disease and mortality of marine
life and humans, as well as economically damaging fishery closures
required to protect public health. These diatoms are toxic, produce, neuro-
toxins (domoic acid) and can cause amnesic shellfish poisoning (ASP) in
humans. During this HAB in 2015, the detection of toxins in marine mam-
mals — including whales, dolphins, porpoises, seals and sea lions — had the
largest geographical coverage ever recorded. Accumulation of toxins in
shellfish has resulted in fishery closures and failures in commercial crab
farming, and recreational and local harvesting of shellfish has been
banned. In coastal areas, blooms have prevented access to beaches for rec-
reation and leisure, contributing to the loss of local tourism and recreation
activities (EKSTROM et al. 2020). Along the coasts of south-western North
America, Lingulaulax polyedra has also made massive appearances.
A large bloom of this species occurred in the summer and autumn of 2005
and extended from San Diego to Ventura. Lingulaulax polyedra is a dino-
flagellate that can produce a toxin called yessotoxin. Yessotoxins are
a group of lipophilic toxins that are related to ciguatoxins, but their mode
of action is different. These toxins bioaccumulate in the edible tissues of
bivalves, thus allowing them to enter the food chain. In the region in ques-
tion, HABs can also cause other dinoflagellates, most commonly and
Akashiwo sanguinea, which in 2007 led to seabird deaths in Monterey
Bay, California, caused by surfactant-like proteins produced by this alga
(LEVITUS et al. 2012). However, on Mexico’s Pacific coast in the Gulf of
California, it was a bloom of Chattonella subsalsa belonging to the raphi-
dophytes that caused the mass death of tuna in aquaculture. These harm-
ful species produce toxins that interfere with oxygen transport, ultimately
leading to suffocation. The effect of HABs has been linked to changes in
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oceanographic and atmospheric environmental conditions resulting from
ENSO processes (GARCIA-MENDOZA et al. 2018).

On the Pacific coasts of Central America, the most common HABs are
formed by Pyrodinium bahamense (El Salvador, Costa Rica and Guate-
mala). In 2013, around 200 sea turtles died in El Salvador, poisoned by the
saxitoxin produced by this dinoflagellate. The ecosystem losses were prob-
ably much greater. Paralytic poisoning (PSP) can also occur in humans
after eating seafood or fish. In Nicaragua in 2005, a Pyrodinium baha-
mense bloom caused several dozen poisonings in humans (CUELLAR-MAR-
TINEZ et al. 2018).

HABs blooms are also present on the coasts of South America, in both
Atlantic and Pacific waters.

In the Atlantic Ocean, which borders the eastern part of the continent,
the most common species of HABs are Alexandrium catenella and Alexan-
drium tamarense, Gymnodinium catenatum and the Dinophysis acumi-
nata and Dinophysis tripos complex (SUNESEN et al. 2021). Blooms of the
harmful alga Dinophysis acuminata, are becoming recurrent on the north-
east coast, where most marine shellfish farms are located. Dinophysis
acuminata is causing major losses to shrimp and clam farms in Brazil
there. It produces okadaic acid, which is accumulated by molluscs, espe-
cially bivalves (mussels, oysters, scallops, cockles). Toxic molluscs can
cause diarrhetic poisoning in humans (DSP) (SIMOES et al. 2021). In the
coastal waters of Brazil, there are also frequent blooms of Gymnodinium
catenatum, which are responsible for paralytic shellfish poisoning (PSP)
(PROENCA et al. 2001). The south-eastern coasts of South America also
have blooms of Dinophysis acuminata, in addition, HABs are often caused
by Dinophystis tripos and Prorocentrum lima, but their detrimental effects
(DSP) are less severe in this part of the coast (SASTRE et al. 2018). A much
greater threat of HABs is caused by the mass occurrence of Alexandrium
tamarense and Alexandrium catenella. In the Argentine Sea, blooms of
this furball have led to fish and bird deaths, as well as human deaths from
paralytic shellfish poisoning (PSP) (FABRO et al. 2017).

In the Pacific, on the northwestern coasts of South America, the most
common HABs are caused by Heterosigma akashiwo and Dinophysis
acuminata (CUELLAR-MARTINEZ et al. 2023). Heterosigma akashiwo is
a raphidophyte that threatens marine organisms at all trophic levels,
including fish. It causes high mortality in fish, whose cause of death is gill
damage leading to hypoxia. However, the mechanism of action of Hetero-
sigma akashiwo is not yet fully understood. Four different mechanisms of
fish death are being investigated: mucus secretion, endogenous production
of reactive oxygen species, toxin production and hemolytic activity (ALLAF
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2023). Threats from Dinophysis acuminata can include aquaculture losses
as well as human diarrhetic poisoning (DSP). Other toxic types of microal-
gae found in the region include Alexandrium, Pseudo-nitzschia, and Proro-
centrum. All pose a risk of human poisoning from ingestion of bivalves
contaminated with phycotoxins causing PSP, ASP or DSP, respectively
(CUELLAR-MARTINEZ et al. 2023). In south-western South America, on the
Pacific coast, harmful blooms of toxin-producing microalgae are mainly
Alexandrium catenella, Pseudo-nitzschia australis and Dinophysis spp.
These species produce toxins that accumulate in molluscs or marine crus-
taceans and can cause serious human illnesses described as paralytic (PSP),
amnesic (ASP) and diarrhetic (DSP) shellfish poisoning (BARRIiA et al.
2022). They therefore threaten the sustainable exploitation of seafood in
intensive aquaculture sites, which are abundant in the region. In 2016 in
Chile, due to a severe HAB event caused by Alexandrium catenella, the
loss of molluscs production was estimated at around US$ 30—40 million.
But it was not the most common species that caused the greatest losses in
Chilean aquaculture. In the same year, the HAB Pseudochattonela verruc-
ulosa caused an ichthyotoxic event causing massive mortality in salmon
farming (more than 40 000 tones) and caused losses in excess of US$ 500
million (DIAZ et al. 2019).

East Asia and Pacific region

The East Asia and Pacific tourist region comprises the Asian mainland
countries on the west coast of the Pacific Ocean and the island countries in
this part of the Pacific, including Australia. Harmful algal blooms pertain-
ing to this region occur in the western Pacific (Table 2).

Table 2
Species forming HABs typical of the East Asia and Pacific tourism region, their taxonomic
category and main toxins.

Phylum Class Species Toxins

1 2 3 4

East Asia and Pacific region: north-east coasts of Asia

Heterosigma akashiwo (Hada) Hada ex
Y. Hara & Chihara 1987

Chattonella marina (Subrahmanyan)
Y. Hara i Chihara 1982

Margalefidinium polykrikoides
Dinoflagellata Dinophyceae (Margalef) F. Gémez, Richlen TBD*
& D.M. Anderson 2017

Heterokontophyta | Raphidophyceae TBD*

Heterokontophyta | Raphidophyceae TBD*




228

Bozena Jaworska

cont. Table 2

1 2 3 4
Karenia mikimotoi (Miyake & Komina-
Dinoflagellata Dinophyceae mi ex Oda) Gert Hansen & Moestrup gymnocins
2000

. . Noctiluca scintillans (Macartney) .
Dinoflagellata Noctilucophyceae Kofoid & Swezy 1921 TBD
Haptophyta Coccolithophyceae | Phaeocystis globosa Scherffel 1899 TBD*
Chlorophyta Ulvophyceae Ulva prolifera O.F. Miiller 1778 biomass

East Asia and Pacific region: south-east coasts of Asia
Dinoflagellata Dinophyceae Pyrodinium bahamense L. Plyta 1906 saxitoxins

. . Gymnodinium catenatum H.W. -
Dinoflagellata Dinophyceae Graham 1943 saxitoxins

. . Alexandrium tamarense (Lebour) -
Dinoflagellata Dinophyceae Balech 1995. saxitoxins

. . Alexandrium catenella (Whedon -
Dinoflagellata Dinophyceae & Kofoid) Balech 1985 saxitoxins
Dinoflagellata Dinophyceae z{léegiandnum tamiyavanichii Balech saxitoxins

. . Alexandrium ostenfeldii (Paulsen) .
Dinoflagellata Dinophyceae Balech & Tangen 1985 saxitoxins

. . Noctiluca scintillans (Macartney) .
Dinoflagellata Noctilucophyceae Kofoid & Swezy 1921 TBD

. . Gambierdiscus toxicus R. Adachi . .
Dinoflagellata Dinophyceae & Y. Fukuyo 1979 ciguatoxins

East Asia and Pacific region: coasts of Australia

. . Karlodinium veneficum (D. Ballantine) .

Dinoflagellata Dinophyceae J. Larsen 2000 carlotoxins
Karenia mikimotoi (Miyake & Komina-

Dinoflagellata Dinophyceae mi ex Oda) Gert Hansen & Moestrup gymnocins
2000

Haptophyta Coccolithophyceae | Prymnesium parvum N. Carter 1937 prymnesins

Heterokontophyta Se(;s:modlscophy- Rhizosolenia chunii Karsten 1905 TBD*

. . Alexandrium catenella (Whedon ..
Dinoflagellata Dinophyceae & Kofoid) Balech 1985 saxitoxins
Dinoflagellata Dinophyceae Alexandrium minutum Halim 1960 saxitoxins
Dinoflagellata Dinophyceae fggnodmm catenatum HW. Graham saxitoxins

. . Dinophysis acuminata Claparéede okadaic
Dinoflagellata Dinophyceae & Lachmann 1859 acids
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cont. Table 2

1 2 3 4
. . . . .. . okadaic
Dinoflagellata Dinophyceae Dinophysis fortii Pavillard 1924 acids
. Nodularia spumigena Mertens ex .
Cyanobacteria Cyanophyceae Bornet & Flahault 1888 nodularins

* to be determined/decided/declared — toxins associated with the mechanism of lethal action on
aquatic organisms are yet to be determined

The coasts of north-east Asia are an extensive zone of the north-west
Pacific Ocean. In this region, raphidophyte blooms occur along Asian
coasts, most commonly of the genera Chattonella marina and Hetero-
sigma akashiwo as on the north-west coast of the Japanese islands. In the
south-western coastal waters of Japan and off the coast of Korea, HABs
cause Margalefidinium polykrikoides and Karenia mikimotoi. This is an
athecate dinoflagellate that, unlike other species of the genus Karenia,
does not produce brevetoxin, which is highly toxic to humans and marine
fauna (BRAND et al. 2012). However, blooms of this species cause massive
mortality of marine fauna. This is due to haemolytic and cytotoxic effects,
but the mechanism of toxicity to marine organisms is not fully understood.
(L1 et al. 2019). Margalefidinium polykrikoides has similar effects, produc-
ing reactive oxygen species that are lethal to pelagic fish as well as echino-
derm and crustacean molluscs, even at low concentrations. In 1995, it
formed a huge bloom along the southern coast of Korea, causing severe
economic losses to aquaculture estimated at around US$70 million (SAKA-
MOTO et al. 2021). In the waters off the east coast of China, Karenia
mikimotoi is also the main cause of massive fish mortality, in addition to
Heterosigma akashiwo and Chattonella spp. In 2012, a massive bloom of
Karenia mikimotoi along China’s coast, caused massive mortality of
farmed seafood, causing economic losses of approximately US$ 300 million
(SAKAMOTO et al. 2021). Toxic phytoplankton, responsible for poisoning
crustaceans, molluscs and fish in aquaculture and beyond, can cause poi-
soning in humans (CORRALES and MACLEAN 1995). However, meticulous
monitoring of farming means that fatal human poisoning cases from the
consumption of commercially available seafood have become rare, although
contamination of bivalves with paralytic toxins (PST) and diarrhetic tox-
ins (DST) and the resulting trade restrictions are common (SAKAMOTO et
al. 2021). In addition to the typically toxic HABs, algal blooms that are
harmful due to the large biomass of the bloom are also common on the
East Asian coast. These are the HABs Noctiluca scintillans and Phaeocys-
tis globosa. Although Noctiluca scintillans is a species of dinoflagellate
athecate that does not produce toxins that can kill marine organisms or
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threaten human health, massive blooms of this species have negative
environmental impacts and can cause losses to aquaculture probably due
to increased ammonia concentrations or low oxygen content during the
degradation phase of the bloom (XTAODONG et al. 2023). Phaeocystis glo-
bosa belongs to the primnesiophytes and has the ability to form floating
gelatinous colonies that can increase in size during blooms and, at the
disappearance of the bloom, form bad-smelling clusters of algae and foam
on beaches. This has a negative impact on coastal tourism. This effect can
also have a negative impact on higher trophic levels in the marine ecosys-
tem. Phaeocystis globosa blooms also cause massive mortality of aquacul-
tured animals (WANG et al. 2021). Massive macroalgal blooms also occur
in the same area (Yellow Sea). In the summer of 2008, the world’s largest
Ulva prolifera bloom took place here, and every year since then, this HAB
covers an area of thousands of square kilometers and lasts for an average
of 90 days, with significant inter-annual variability (QI et al. 2016).

On the coasts of south-estern Asia (Philippines, Malaysia), common
species forming HABs include Pyrodinium bahamense, Gymnodinium cat-
enatum and Alexandrium spp. (A. tamrense, A. catenella, A. tamiyavani-
chii, A. ostenfeldii) (AZANZA et al. 2024). The most common HABs are Pyro-
dinium bahamense var. compressum (Pyrodinium bahamanse var. baha-
mense occurs in the Central American and Caribbean region) (USUP et al.
2012). These are dinoflagellates that produce paralytic toxins (saxitoxins)
that accumulate in marine crustaceans, as do Gymnodinium and Alexan-
drium species. By this, Pyrodinium, Gymnodinium and Alexandrium are
the main cause of seafood toxicity and poisoning occurring in humans after
consumption. Species causing paralytic shellfish poisoning (PSP) occur in
the coastal waters of the Philippines and Malaysia annually at varying
scales (AZANZA et al. 2024). Bioaccumulation of toxins occurring at higher
trophic levels, in marine mammals, birds and fish, can lead to massive
mortality of these animals and contaminate beaches reducing the attrac-
tiveness of coastal areas for tourism. Pyrodinium bahamense is neverthe-
less seen as a tourist attraction, as it has the ability to bioluminesce and
causes the water to glow spectacularly during a bloom (USUP et al. 2012).
Pyrodinium bahamense var. compressum also forms blooms regularly in
the Indonesian region, causing many negative impacts on fisheries, the
aquatic environment and human health, including tourists. However,
long-lasting HABs caused by Chaetoceros spp., Noctiluca spp. and Skele-
tonema spp. are most common in this region. Their harm lies primarily in
the production of large biomass and the potential for hypoxia in coastal
waters, resulting in the extinction of fish and marine invertebrates and
damage to coral reefs (SIDABUTAR et al. 2024, SIDHARTA 2005). These
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blooms thus have a very negative impact on coastal tourism in the Indone-
sian region. Dangerous HABs in the region of both Indonesia and Malay-
sia and the Philippines are Gambierdiscus toxicus blooms, that have
expanded their geographical range into the region. Gambierdiscus spp.
produce ciguatoxins that accumulate in the muscles of some marine fish
species. Ciguatoxins are a group of dangerous neurotoxins that cause cig-
uatera poisoning. The global spread of fish ciguatera poisoning (CFP) has
meant that Gambierdiscus spp. and its toxins are considered a problem for
the environment and human health worldwide. It is estimated that
between 50,000 and 200,000 people worldwide contract CFP each year
(WANG et al. 2022).

In Australia’s coastal waters, HABs are formed by a variety of algal
species whose mass growth varies in intensity, frequency and distribution.
Their harmful effects also vary. High mortality of wild and farmed fish is
associated with blooms of the dinoflagellates Karlodinium veneficum and
Karenia mikimotoi and the haptophyte Prymnesium parvum. These spe-
cies are capable of producing ichthyotoxic substances that have a patho-
logical effect on the gills of fish, resulting in massive mortality (HALLE-
GRAEFF 1992). Other HABs species found in the region are the diatom
Rhizosolenia chunii, the dinoflagellates Alexandrium catenella, Alexan-
drium minutum and Gymnodinium catenatum. They all produce neuro-
toxins that accumulate in molluscs or crustaceans and can cause paralytic
shellfish poisoning (PSP) (PARRY et al. 1989). Less common are the HABs
dinoflagellates Dinophysis acuminata and Dinophysis fortii, but their
occurrence is associated with the risk of diarrhetic shellfish poisoning
(DSP). On Australian coasts, blooms are also formed by Gambierdiscus
spp. They are most abundant on the east coast, in the Great Barrier Reef
region, and are the cause of frequent ciguatera fish poisoning (KRETZSCH-
MAR et al. 2019). Poisoning of cattle and wildlife or contamination of drink-
ing water supplies by blue-green toxins of the brackish water alga Nodu-
laria spumigenais also a growing concern (HALLEGRAEFF 1992). Australia’s
2019 and 2020 wildfires also contributed to the magnification of blooms.
Carried by wind over the Pacific, smoke and ash fertilized its waters, pro-
viding nutrients for algal blooms on a scale not seen in the region.

Middle East and South Asia region

The tourist region of the Middle East and South Asia comprises the
western and southern parts of Asia located on the northern coast of the
Indian Ocean. The blooms in the South Asian and Middle East coastal
region are determined by the nature of the Indian Ocean waters (Table 3).
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Table 3
Species forming HABs typical of the Middle East and South Asia tourism region,
their taxonomic category and main toxins
Phylum Class Species Toxins
Middle East and South Asia region: coasts of southern Asia

. . Noctiluca scintillans (Macartney) .
Dinoflagellata Noctilucophyceae Kofoid & Swezy 1921 TBD

. Trichodesmium erythraeum Ehrenberg .
Cyanobacteria Cyanophyceae ex Gomont 1892 TBD

Cyanobacteria Cyanophyceae Trichodesmium thiebautii Gomont 1890 | TBD*

Margalefidinium polykrikoides
Dinoflagellata Dinophyceae (Margalef) F. Gémez, Richlen TBD*
& D.M. Anderson 2017

Karenia brevis (C.C. Davis) Gert

Dinoflagellata Dinophyceae Hansen & Moestrup 2000 brevetoxins
Karenia mikimotoi (Miyake & Komina-

Dinoflagellata Dinophyceae mi ex Oda) Gert Hansen & Moestrup gymnocins
2000

Heterokontophyta | Raphidophyceae Chattonella marina (Subrahmanyan) TBD*

Y. Hara i Chihara 1982
Middle East and South Asia region: coasts of the Middle East

Margalefidinium polykrikoides
Dinoflagellata Dinophyceae (Margalef) F. Gémez, Richlen TBD*
i D.M. Anderson 2017

Dinoflagellata Dinophyceae Gonyaulax polygramma F. Stein 1883 | TBD*
. . Prorocentrum lima (Ehrenberg) okadaic
Dinoflagellata Dinophyceae F. Stein 1878 acids

Noctiluca scintillans (Macartney)
Kofoid & Swezy 1921

* to be determined/decided/declared — toxins associated with the mechanism of lethal action on
aquatic organisms are yet to be determined

Dinoflagellata Noctilucophyceae TBD*

In the South Asian region, along the west and east coasts of India and
Pakistan, blooms are most commonly formed by the species Noctiluca scin-
tillans and Trichodesmium erythraeum and Trichodesmium thiebautii
(D’SILVA et al. 2012). Noctiluca scintillans is a translucent athecate dino-
flagellate and can occur in green or red form. The species has the capacity
for bioluminescence occurring when the cell is irritated and its blooms
cause a glowing effect in the water. It is one of the tourist attractions in
the Maldives. Noctiluca scintillans do not produce toxins, but are consid-
ered harmful to the marine environment. They can cause high mortality of
fish and invertebrates due to ammonia accumulation and depletion of the
oxygen in the water (GOMES et al. 2014). Trichodesmium erythraeum and
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Trichodesmium thiebautii are species of filamentous cyanobacteria found
in colonies named ‘sea sawdust’. Trichodesmium is the only known
diazotroph capable of fixing nitrogen in daylight under aerobic conditions
without the use of heterocysts and accounts for almost half of nitrogen
fixation in marine systems worldwide (BERGMAN et al. 2012). Trichode-
smium spp. blooms typically last for a very long time causing reduced oxy-
gen availability during bloom die-off, which can lead to the death of marine
organisms (PADMAKUMAR et al. 2010). However, massive fish mortality in
Indian coastal waters has been linked more to blooms of Margalefidinium
polykrikoides, Karenia brevis, Karenia mikimotoi, Chattonella marina,
although blooms of these algae occur less frequently (D’SILVA et al. 2012).

In the Middle East region, green Noctiluca scintillans and other dino-
flagellates such as Margalefidinium polykrikoides, Gonyaulax polygramma
and Prorocentrum lima have become the dominant HABs, partly replacing
the previously dominant diatoms and red Noctiluca scintillans (HARRISON
et al. 2017). Margalefidinium polykrikoides is a species that can produce
allelopathic chemicals that inhibit the growth of other phytoplankton taxa
in the water depths, and can also produce reactive oxygen species that are
lethal to pelagic fish as well as molluscs and crustaceans, even at low con-
centrations. Margalefidinium polykrikoides blooms are responsible for the
majority of fish deaths in the Arabian Sea, although it is Noctiluca scintil-
lans that causes about 50% of HABs events in the region. In late 2008—2009
(November—February) in the Gulf of Oman in the Arabian Sea, a massive
bloom of Margalefidinium polykrikoides occurred, causing massive fish
die-offs, damage to coral reefs and disruption to seawater desalination
plants (HARRISON et al. 2017). In the Gulf, the long-term occurrence of HABs
Margalefidinium polykrikoides has led to massive economic, environmental
and social damage (ESMAEILI et al. 2021). The toxic Gonyaulax polygramma,
whose blooms are becoming more frequent, is also becoming dangerous to
the marine environment in the region (DIAS et al. 2023). A characteristic
species forming blooms in the Red Sea is Trichodesmium spp. It causes the
red colouration of the water during a bloom and is responsible for the name
of this sea. Trichodesmium spp. blooms have also started to appear in the
eastern Mediterranean, along the coasts of Middle Eastern countries
(SPATHARIS et al. 2012).

Africa region

Africa’s coasts are also visited by species that cause harmful algal
blooms, both on the east and west coasts of the continent, in the waters of
the eastern Atlantic and western Indian Ocean (Table 4).
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Table 4

Species forming HABs typical of the Africa tourism region, their taxonomic category
and main toxins

Phylum Class Species Toxins
Africa region: north-east coasts of Africa
oy Pseudo-nitzschia pungens (Grunow ex domoic
Heterokontophyta | Bacillariophyceae Cleve) Hasle 1993 acids
. . Blixaea quinquecornis (T.H. Abé) .
Dinoflagellata Dinophyceae Gottschling 2017 TBD
. . Alexandrium affine (H. Inoue L
Dinoflagellata Dinophyceae & Y. Fukuyo) Balech 1995 saxitoxins
Dinoflagellata Dinophyceae Alexandrium leei Balech 1985 saxitoxins
. . Alexandrium tamarense (Lebour) -
Dinoflagellata Dinophyceae Balech 1995 saxitoxins
Dinoflagellata Dinophyceae Alexandrium tamiyavanichii Balech 1994 | saxitoxins
. . Noctiluca scintillans (Macartney) .
Dinoflagellata Noctilucophyceae Kofoid & Swezy 1921 TBD
. Trichodesmium erythraeum Ehrenberg .
Cyanobacteria Cyanophyceae ex Gomont 1892 TBD
Africa region: south-east coasts of Africa
Dinoflagellata Dinophyceae Amphidinium carterae Hulburt 1957 ciguatoxins
. . Gambierdiscus toxicus R. Adachi . .
Dinoflagellata Dinophyceae & Y. Fukuyo 1979 ciguatoxins
. . Prorocentrum lima (Ehrenberg) F. Stein | okadaic
Dinoflagellata Dinophyceae 1878 acids
Dinoflagellata Dinophyceae Ostreopsis ovata Y. Fukuyo 1981 palytoxins
Africa region: south-west coasts of Africa
Lingulaulax polyedra (F. Stein)
Dinoflagellata Dinophyceae M.dJ. Head, K.N. Mertens yessotoxins
& R.A. Fensome 2024
. . Gonyaulax spinifera (Claparéde .
Dinoflagellata Dinophyceae & Lachmann) Diesing 1866 yessotoxins
. . Prorocentrum lima (Ehrenberg) okadaic
Dinoflagellata Dinophyceae F. Stein 1878 acids
Africa region: north-west coasts of Africa
Dinoflagellata Dinophyceae Dinophysis caudata Kent 1881 leiidsalc
. . . . . okadaic
Dinoflagellata Dinophyceae Dinophysis ovum F. Schitt 1895 acids
Dinoflagellata Dinophyceae Ostreopsis ovata Y. Fukuyo 1981 palytoxins

* to be determined/decided/declared — toxins associated with the mechanism of lethal action on
aquatic organisms are yet to be determined
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On the eastern coasts of Africa (western Indian Ocean), HABs
Pseudo-nitzschia pungens, Blixaea quinquecornis and Alexandrium spp.
(A. affine, A. leci, A. tamarense, A tamiyawanichii) are found (HANSEN
et al. 2001). They can cause toxin accumulation in shellfish or marine mol-
luscs and transmission to humans in the form of ASP or PSP poisoning.
Mass occurrences of the athecate dinoflagellate Noctiluca scintillans and
the cyanobacteria Trichodesmium erythraeum also occur there, but do not
have a major impact on the economy and tourism in the region (KITERESI
et al. 2013). On the coasts of Madagascar and the Mascarene (Mauritus)
archipelago, blooms of Amphidinium carterae, Gambierdiscus toxicus,
Prorocentrum lima and Ostreopsis ovata occur and other species of these
algal genera (HANSEN et al. 2001). In southern Africa, dinoflagellate
blooms of the genera Gonyaulax, Lingulaulax, Prorocentrum, Protocera-
tium and Tripos cause massive anoxia-induced mortality of marine organ-
isms during the disappearance of the bloom.

The HAB species most commonly found in the south-west coastal
region of Africa (eastern Atlantic) are Lingulaulax polyedra and Gonyau-
lax spinifera (PITCHER and CALDER 2000). Both species belong to the dino-
flagellates. Lingulaulax polyedra and Gonyaulax spinifera have heavily
pigmented cells which, when present in mass numbers, gives the impres-
sion of staining the water various shades of red. Additionally, Lingulaulax
polyedra has the ability to bioluminesce. Both species can also produce
toxins from the yessotoxin group. These toxins bioaccumulate in the edible
tissues of marine molluscs thus allowing the toxins to enter the food chain.
These compounds become toxic to humans if concentrated in the food chain
in large quantities. They also cause losses in aquaculture, such as on the
south-west coast of Africa, where they caused the death of more than
250 tonnes of edible sea snails known as sea lugs, with an estimated value
of US$ 33 million (STEPHEN and HOCKEY 2007). HABs caused by Dinophy-
sis caudata and Dinophysis ovum and species of the genus Alexandrium
also occur on the north-west coast of Africa (AKIN-ORIOLA et al. 2006).
HABs of Ostreopsis ovata also occur in this region (Morocco). They can
reduce the oxygen concentration in the water and clog the gills of fil-
ter-feeding organisms. Some of these dinoflagellates contain toxic chemi-
cals stored by the animals that eat them, which can threaten public health
and cause economic damage to fisheries (ALKHATIB et al. 2022). Coastal
countries in the northern African region have blooms characteristic of the
Mediterranean (TSIKOTI and GENITSARIS 2021).
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Europe region

HABs events also occur in the oceanic and marine coastal area of the
European region. These include the eastern Atlantic coasts and inland

seas (Table 5).

Table 5

Species forming HABs typical of the European tourist region, their taxonomic category

and main toxins

Phylum Class Species Toxins
1 2 3 4
Europe region: southern coasts of Europe
Dinoflagellata Dinophyceae gléelaiandnum mediterraneum U. John saxitoxins
. . Dinophysis acuminata Claparéde . .
Dinoflagellata Dinophyceae i Lachmann 1859 okadaic acids
Dinoflagellata Dinophyceae Ostreopsis ovata Y. Fukuyo 1981 palytoxins
s Pseudo-nitzschia calliantha Lund- . .
Heterokontophyta | Bacillariophyceae holm, Moestrup & Hasle 2003 domoic acids
. . Gambierdiscus australes Chinain . .
Dinoflagellata Dinophyceae & M.A. Faust 1999 ciguatoxins
Fukuyoa paulensis F. Gémez,
Dinoflagellata Dinophyceae D.J. Qiu, R.M. Lopes & Senjie Lin ciguatoxins
2015
. . Vulcanodinium rugosum Nézan . .
Dinoflagellata Dinophyceae i Chomérat 2011 pinnatoxins
. . Azadinium poporum Tillmann .
Dinoflagellata Dinophyceae & Elbriichter 2011 azaspiracids
Europe region: south-east coasts of Europe
. . Dinophysis acuminata Claparede . .
Dinoflagellata Dinophyceae & Lachmann 1859 okadaic acids
Dinoflagellata Dinophyceae Dinophysis acuta Ehrenberg 1839 okadaic acids
Dinoflagellata Dinophyceae Ostreopsis ovata Y. Fukuyo 1981 palytoxins
Lingulaulax polyedra (F. Stein)
Dinoflagellata Dinophyceae M.J. Head, K.N. Mertens yessotoxins
& R.A. Fensome 2024
Dinoflagellata Dinophyceae Alexandrium minutum Halim 1960 saxitoxins
Dinoflagellata Dinophyceae Gymnodinium catenatum saxitoxins
g phy H.W. Graham 1943
Dinoflagellata Dinophyceae Pseudo-nitzschia australis Frenguelli domoic acids

1939
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cont. Table 5

1 2 3 4
. . Azadinium spinosum Elbrachter .
Dinoflagellata Dinophyceae & Tillmann 2009 azaspiracids
Karenia mikimotoi (Miyake
Dinoflagellata Dinophyceae & Kominami ex Oda) Gert Hansen gymnocins
& Moestrup 2000
. Heterosigma akashiwo (Hada) Hada .
Heterokontophyta | Raphidophyceae ex Y. Hara & Chihara 1987 TBD
. Nodularia spumigena Mertens .
Cyanobacteria Cyanophyceae ex Bornet & Flahault 1888 nodularins
Europe region: north-east coasts of Europe
Prymnesium polylepis (Manton
Haptophyta Coccolithophyceae | & Parke) Edvardsen, Eikrem prymnesins
& Probert 2011
. Chrysochromulina leadbeateri Estep, .
Haptophyta Coccolithophyceae Davis, Hargreaves & Sieburth 1984 TBD
. . Dinophysis acuminata Claparéde . .
Dinoflagellata Dinophyceae & Lachmann 1859 okadaic acids
. . Prorocentrum lima (Ehrenberg) . .
Dinoflagellata Dinophyceae F. Stein 1878 okadaic acids
. . Azadinium spinosum Elbrachter ..
Dinoflagellata Dinophyceae & Tillmann 2009 azaspiracids
. . Alexandrium catenella (Whedon ..
Dinoflagellata Dinophyceae & Kofoid) Balech 1985 saxitoxins
. . Alexandrium ostenfeldii (Paulsen) ..
Dinoflagellata Dinophyceae Balech & Tangen 1985 saxitoxins
Dinoflagellata Dinophyceae Alexandrium minutum Halim 1960 saxitoxins
Europe region: north-west coast of Europe (Russia)
. . Alexandrium tamarense (Lebour) o
Dinoflagellata Dinophyceae Balech 1995 saxitoxins

* to be determined/decided/declared — toxins associated with the mechanism of lethal action on
aquatic organisms are yet to be determined

The marine coast of southern Europe is the Mediterranean Sea, whose
waters border the tourist region of Africa and the Middle East. The main
algal taxa responsible for the algal blooms in the Mediterranean Sea are
the dinoflagellates, Alexandrium mediterraneum, Dinophysis acuminata,
Ostreopsis ovata and the diatoms Pseudo-nitzschia calliantha. HABs Alex-
andrium spp. and Dinophysis spp. are common, but their impact on aqua-
culture is well monitored and paralytic or diarrhetic shellfish poisoning in
humans is rare. Pseudo-nitzschia spp. blooms are common, but domoic
acid in crustaceans rarely exceeds regulatory levels (ZINGONE et al. 2021).
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In contrast, regularly occurring HABs caused by Ostreopsis ovata may be
associated with health problems in humans. This algae contains palytoxin,
which 1s considered one of the most toxic non-protein substances known.
Direct contact with the cells or mucus of Ostreopsis ovata results in skin
irritation. Respiratory problems, dizziness and headaches in the presence
of a bloom are caused by marine aerosols. Poisoning episodes associated
with toxic Ostreopsis ovata blooms have occurred during the summer in
the western Mediterranean, e.g. on the Mediterranean coast of Italy (in
2005 and 2006), Spain (in 2006), France (2006—-2009) and Algeria (in 2009),
causing a number of health problems for surfers, swimmers, sailors and
beachgoers (FERRANTE et al. 2013). HAB species in the Mediterranean
whose occurrence is not regular but is increasing are Gambierdiscus aus-
trales and Fukuyoa paulensis (TUDO et al. 2020, ZINGONE et al. 2021). This
raises concerns about the risk of ciguatera, a disease previously known
only for subtropical and tropical areas. Ciguatera is the most common
form of seafood poisoning caused by harmful algal blooms worldwide, and
its incidence and extent appear to be spreading with the spread of the
algal species causing it (MARAMPOUTI et al. 2021). Also of concern are the
appearances of the dinoflagellates Vulcanodinium rugosum, which pro-
duces pinnatoxins and Azadinium poporum, an azaspiracid producer.
These toxins accumulate in crustaceans and could be a potential source of
poisoning in humans (JAUFFRAIS et al. 2013).

On the eastern shores of the Atlantic Ocean, in the European part of
the Atlantic Ocean, HABs events are also recorded annually over a large
geographical area from southern Spain to northern Scotland and Iceland
and further north. There are regional differences in the causal species
associated with HABs events. Only Dinophysis acuminata and Dinophysis
acuta are common in the waters of most Atlantic coasts of Europe. On the
Atlantic coasts of southern Portugal, Spain and France, there are mass
occurrences of Ostreopsis ovata, which in 2021 caused health problems in
approximately 700 people resting on the coast (CHOMERAT et al. 2022).
Along the French Atlantic coast, blooms of Lingulaulax polyedra also
occur. This species produces yessotoxins accumulated in clams, oysters
and cockles. Poisoning has not been transmitted to humans despite the
touristic nature of the region. These blooms also often cause hypoxia due
to the large biomass and long bloom duration (MERTENS et al. 2023). In
addition, on the coasts of Spain and Portugal, blooms are often formed by
the furuncles Alexandrium minutum and Gymnodinium catenatum and
the diatom Pseudo-nitzschia australis, whose range also extends to the
coasts of France, England and southern Ireland. Mass occurrences of these
algae lead to the accumulation of paralytic (Dinopystis spp. and Alexan-
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drium spp.) or amnesic (Pseudo-nitzschia spp.) toxins in aquatic organ-
isms, which can be a threat to human health. However, in this region,
there is only an economic loss to wild-caught seafood or aquaculture (BRES-
NAN et al.). In the coastal waters of Ireland, an additional threat is the
presence of the toxic species the small dinoflagellate Azadinium spinosum,
a producer of azaspiracids, which can accumulate in shellfish and cause
disease in humans (MCGIRR et al. 2021). In contrast, the majority of aqua-
culture events and wild fish mortalities have been associated with blooms
of the brucellosis Karenia mikimotoi and the raphidophyte Heterosigma
akashiwo. These fish kills are rare but can cause significant mortality.
Shellfish mortality has also been linked to Phaeocystis spp. blooms, partic-
ularly in the southern North Sea (BRESNAN et al. 2021). In addition, the
colonial stage of Phaeocystis spp. forms massive accumulations and can
form periodically dense, very abundant, surface scum and cause threats to
the safe use of seashores. In 2020, such scum was observed off the Dutch
coast and resulted in drowning incidents (SMITH and TRIMBORN 2024). The
Baltic Sea is not free of blooms either. Its narrow connection to the open
ocean makes it a low-salinity reservoir. For this reason, blooms in the Bal-
tic Sea are caused by cyanobacteria (PAERL 1996, PALINSKA and SUROSZ
2014). These include Nodularia spumigena, Aphanizomenon spp. and Dol-
ichospermum spp. Nodularia spumigena is a toxic cyanobacterial species,
producing the toxin nodularin (MAZUR-MARZEC et al. 2007). Dolichosper-
mum spp. and Aphanizomenon spp. are potentially toxic taxa. They have
the potential to produce toxins, but only some strains are toxic (OLOFSSON
et al. 2020). This happens during certain periods, as in 2006, when toxic
cyanobacteria were observed in different parts of the Baltic Sea. In Swe-
den, this situation has led to clear restrictions on the use of coastal zones.
As a result of the changed leisure and recreation patterns, the island of
Gotland and Oland have lost revenue in the order of SEK 150—200 million
(approximately €15—20 million) (FOGHAGEN 2011, NILSSON and GOSSLING
2012). Harmful algal blooms (HABs) are also a recurrent phenomenon
along the coast of the north-eastern Atlantic, in the waters of the North
Sea, the Norwegian Sea and the Barents Sea. The main HAB taxa causing
fish mortality in this region are the primnesiophytes of the genera Prym-
nesium (especially P. polylepis), Chrysochromulina (especially Ch. lead-
beatert), the furuncles of the genera Akashiwo, Karenia, Karlodinium and
the dictyochophytes of the genera Dictyocha and Pseudochattonella.
Blooms of all of these algal genera cause huge economic losses to fish farm-
ers in aquaculture. Shellfish farming and natural stocks are threatened by
other HAB species. In northern Europe, diarrhetic shellfish poisoning
(DSP) toxins are produced by several species of Dinophysis spp., domi-
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nated by Dinophysis acuminata and by the benthic Prorocentrum lima.
Periodically, their concentrations in edible mussels, along the coasts of
Norway, Denmark and the Swedish west coast, are above regulatory lim-
its. Azadinium spinosum blooms have been unequivocally linked to the
presence of azaspiracid toxins responsible for azaspiracid shellfish poison-
ing (AZP) in northern Europe. These toxins were detected in bivalves at
concentrations above regulatory limits for the first time in Norway in mus-
sels in 2005 and in Sweden in mussels and oysters in 2018 (KARLSON et al.
2021). However, among fur-browed mussels, Alexandrium species are the
main source of toxins that often exceed regulatory limits. Several toxic
Alexandrium species capable of producing toxins are common in northern
European waters. Among these, Alexandrium catenella, Alexandrium
ostenfeldii and Alexandrium minutum are the most significant producers
of the neurotoxins responsible for paralytic shellfish poisoning (PSP) in
this region. This is particularly important as the coastal and shelf regions
of northern Europe provide a key supply of seafood (KARLSON et al. 2021).

The coasts of northern Russia, which belongs to the tourist region of
Europe, are the Arctic belt and the north-western part of Pacific waters,
including the Bering Sea and the Sea of Okhotsk In the Russian Far East
seas, HABs are mostly formed by the diatom species Pseudo-nitzchia spp.
or the dinoflagellates Alexandrium spp. and Dinophystis spp. The species
present are toxic and can cause paralytic (PSP), amnesic (ASP) and diar-
rhetic (DSP) poisoning in humans. They are also detrimental to aquatic
organisms causing high mortality, as occurred in the Bering Sea in Russia
when a bloom of Alexandrium tamarense caused the death of cetaceans,
fish and birds. Bloom species also pose a threat to aquaculture. Monitoring
of ficotoxins in aquaculture was only introduced in Russia in 2007. Never-
theless, there is no effective government monitoring of HABs in Russia
(VERSHININ and ORLOVA 2008).

Conclusions

Toxic algal blooms are an ever-growing problem in virtually every
aquatic environment in the world. The number of HAB sites is still increas-
ing. The reasons for this can be traced, on the one hand, to increasing
eutrophication of waters related to anthropogenic activities and, on the
other hand, to climate change also related to human activities (NWANK-
WEGU et al. 2019). Eutrophication of waters is caused by high nitrogen and
phosphorus loads delivered by sewage discharges, industrial waste dis-
charges, agricultural runoff and aquaculture activities and many other
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interrelated environmental factors (DAVIDSON et al. 2014, HEISLER et al.
2008). Climate change is proceeding in the direction of a warming climate
and causing higher ocean water temperatures, which is a direct and indi-
rect driver of the spread of algal blooms. Storms, winds, ocean currents,
ocean circulations and other changing natural phenomena also enhance
the formation of blooms (GOBLER 2020).

All of these causes of HABs lead to negative effects through impacts on
aquatic ecosystems and the human economy. The consequences of HABs
for aquatic ecosystems include changes in their functioning, often com-
bined with the death of marine organisms (SELLNER et al. 2003). HABs
also contribute to economic losses. The economic impacts of HABs arise
from the costs of public health protection, commercial fishery closures and
mass fish die-offs, decreased opportunities for coastal and marine recre-
ation and tourism, and the costs of monitoring and managing HABs. The
estimated economic impact of HABs in the United States is approximately
US$ 100 million per year (ANDERSON et al. 2000). The comparable esti-
mate for the European Union (EU) is an order of magnitude higher at US$
1 billion per year (HOAGLAND and SCATASTA 2006). Most other parts of the
world report only ad hoc impact estimates resulting from extraordinary
HABs events. An estimated rough breakdown of the costs associated with
the impact of HABs on different economic sectors showed that 45% are
costs incurred for public health protection, 37% of costs are due to closures
and losses incurred by aquaculture and commercial fisheries, and 4% are
the costs of monitoring and managing HABs. The economic loss incurred
through lost recreation and tourism is 14% (ANDERSON et al. 2000).

The tourism and leisure industry loses directly through lower accom-
modation loads and fewer visitors to catering establishments and indi-
rectly through a reduction in the staff needed to support tourism, which
contributes to job losses. The reason for less tourism is the reduced attrac-
tiveness of the seashore under HABs conditions due to changes in water
quality and coastal areas. The distinctive colour and unpleasant odour of
the water, accompanying the blooms, significantly degrades water quality
and its tourism and recreational value. In the case of toxic algal blooms,
direct contact with the water is hazardous to health. The use of bathing
and access to recreational water sports is restricted. Recreationally caught
fish, crustaceans and molluscs are also a threat to human health. Recre-
ational fishing grounds are closed, courses and cruises are cancelled. Com-
mercial harvesting of fish and seafood is closely monitored to make sure it
is safe, but the existing risk of poisoning causes fear of consumption.
Coastal areas are also exposed to the negative effects of algal blooms.
Decomposing micro or macro algae, dead aquatic organisms cast ashore,
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reduce the comfort of recreation in coastal areas. A threat to human health
during coastal recreation (e.g. beach walks) are the compounds given off
during algal decomposition (ammonia and hydrogen sulfide) or toxic algal
compounds found in the air, in the form of aerosol. All of this has the effect
of diminishing the attractiveness of coastal tourism under conditions
where HABs are present and may be a determinant of preferences for the
direction of tourism activities undertaken, which may influence the course
of development of marine and coastal tourism in different tourist regions
of the world.

In order to mitigate the detrimental effects of HAB events on human
health, aquaculture, the tourism industry and coastal economies world-
wide, it is essential to develop strategies to prevent, predict and control
HABEs. Several methods are available for monitoring and predicting HABs,
including satellite surveys, laboratory studies, field observations and data
sampling. A variety of techniques for monitoring, forecasting and early
warning of HABs in coastal waters are being used, including space-based
sensors, remote sensing, drones, biological identification, toxin analysis,
molecular methods, modelling and citizen science programmes (ZAHIR et
al. 2024). However, it is essential to develop an integrated effective moni-
toring and forecasting system for HABs that includes satellite observa-
tions, numerical modelling and machine learning algorithms with in-situ
sensors and biosensors. Information extracted from such a system should
be available to all economic sectors at risk of HABs, regardless of the
region in the world (ALVAREZ et al. 2024). The tourism sector should be
particularly interested in obtaining such information to be able to verify
the availability of safe destinations for tourism.

Accepted for print 14.11.2024
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Abstract

The main topic of our research is the examination of the environmental values of Hungarian
medicinal bath place from the demand side, which can significantly contribute to the preservation
of people’s health and the improvement of their quality of life. The actuality of our research is
due to the fact that in our society, people pay more and more attention to health presevation and
their personal well-being. The water usually attracts people, so the medicinal bath place
environment appears as a defining element of the offer among tourists.

The main goal of our research is to map out, with the help of consumer attitudes and
preferences, the expectations of tourists regarding the characteristics of medicinal bath place. To
achieve the goal of our research, we conducted primary research and a questionnaire survey.
Data collected among the Hungarian middle-aged middle class (n = 200) were processed with
univariate descriptive statistics and bivariate analyses.

In the course of our research, we came to the results that the Hungarian middle-aged mid-
dle class clearly detects the medicinal bath place characteristics, and that the main medicinal
bath place characteristics can be divided into characteristically different ways of thinking. In the
opinion of the respondents, among the features of the spa, the silence and tranquility, the quality
of the accommodation, the beautiful environment, the wide range of treatments, as well as the
quality of the gastronomy and medicinal care significantly contribute to a successful stay in
a medicinal bath place. We also determined the three main ways of thinking of spa visitors: envi-
ronment-oriented way of thinking, medicinal-oriented way of thinking, culture-oriented way of
thinking, which is most characteristic of a satisfied guests.
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Introduction

Nowadays, the issue of health-related consumption is topical, because
the appreciation of health can be seen worldwide, as a result of which the
prevailing megatrend has become health awareness. The development of
health-related tourism offers is characterized by the combination of nature
conservation and sustainable tourism development (SZECHY and SZERENYI
2023, BUJDOSO et al. 2019, STOJANOVIC et al. 2018). Can be experienced
the transformation of the health market, the expansion and dynamic
growth of health tourism (KOSIC et al. 2011).

In the case of Hungary, a special service within health tourism is
medicinal bath tourism based on internationally unique medicinal water
(PRINTZ-MARKO et al. 2020). The basis for this was created in Hungary by
the reputation gained in medicinal bath tourism based on centuries-old
traditions, the availability of natural resources in quantity and quality,
and the services related to them (SZABO and HOJCSKA 2020). Hungary is
a country of water, as almost 4/5 of it is covered with water. Most of the
water is not visible, because unlike surface water, it is located below the
earth’s surface. In Hungary, the temperature of the rocks inside the earth
and the incoming water gradually rises as it goes down, which is why the
country has favorable thermal water resources. This temperature change
is expressed by the geothermal gradient. In Hungary, waters with a water
temperature above 30°C can be called thermal water, in contrast to sur-
face water in other areas of Europe, where this value is 20°C. In the case
of medicinal waters, the chemical (macroelement content) and physical
properties (buoyancy, hydrostatic pressure, temperature) of water are uti-
lized during their use in healing. There are 1370 thermal wells and 238
thermal water deposits in Hungary, the largest number of which are used
for bathing, and to a lesser extent for agricultural, waterworks, communal
and industrial use. In Hungary, there are 270 qualified medicinal waters,
of which a large number are found in individual medicinal bath place
(HoJCcSKA and SzABO 2021). In Hungary, primarily based on thermal
waters, numerous health tourism developments, including medicinal tour-
ism, were realized with state contributions (SZABO et al. 2013), which were
supplemented by local and regional infrastructure developments, such as
regional railway development in Western Hungary (BALI 2014). During
spa development, the construction or renovation of a medicinal bath means
attraction and service development at the same time (STARCZEWSKI et al.
2018). Thanks to the developments, the new and renovated medicinal
baths have become the most important tourist attractions of the medicinal
bath places (MILORADOV and EIDLINA 2018).
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The healing effects of Hungarian thermal waters have been known for
centuries and have been widely used in the treatment of various diseases.
Due to their composition, i.e. their dissolved components and their quan-
tity, each water is meant to treat different diseases. Those thermal and/or
mineral waters with medically proven medicinal effects are registered as
medicinal waters in Hungary. The chemical composition of medicinal
waters plays an important role in shaping the physiological effects on the
body during medicinal treatments (HOJCSKA et al. 2022, MAYER and
HoJcskA 2018). Based on the latest research, value-creating people are
becoming more and more important in knowledge-based societies (FARKAS
2021), for whom health is more and more valued, and for an increasing
number of them, its preservation appears as one of the most important
value. It is everyone’s own responsibility to shape the state of health,
because health behavior (harmful or beneficial) can contribute to the
development respectively prevention of many diseases (MAGYAR 2017).
The probability of occurrence of diseases that can be treated with medici-
nal services increases as the number of years of life increases, it is 6.8% in
the young age group, while it is already 48.6% among the middle-aged.
Therefore, the consumers of medicinal bath tourism are primarily the
middle-age group in the broad sense (SZABO 2021). From the point of view
of the family life cycle, the consumers of medicinal baths are adults living
without children, with their own income, and pensioners. Most of this seg-
ment is characterized by a traditional way of life, a conservative outlook
on life, a moderate sense of status and price sensitivity. Based on these,
the demand for medicinal bath tourism is generally influenced by several
factors. One of them is an aging population with increasing health prob-
lems and discretionary income and leisure time. The other is health beha-
vior changes, which emphasize the prevention of diseases. It is also influ-
enced by the search for the experience of health on the part of tourists
through the assumed positive change of the expected environmental
change. The medicinal bath tourism demand is also influenced by medici-
nal baths places with their active marketing activities (POLISCHCHUK and
BuJD0s0 2022, MUHI and DURKOVIC 2021). Nowadays, platforms and app-
lications optimized for smartphones are increasingly used by potential
consumers when making travel decisions (MORABI et al. 2023). According
to prognoses, an ever-increasing proportion of the Hungarian population
recognizes that good health is the basis of work productivity, emotional,
intellectual and physical development.

In Hungarian medicinal bath tourism, the basic condition for the sus-
tainable use of opportunities and the achievement of international com-
petitiveness is the predictability and security of the domestic market
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(NAVARRO et al. 2020, BRAMWELL et al. 2017). Within tourism, medicinal
bath tourism is one of the fastest growing market segments, yet research-
ers still pay little attention to it. In the globalized offer of tourism, the
Hungarian medicinal bath placses can be an increasingly important player
in the spa tourism market due to the appreciation of health and the utili-
zation of the spa water resources (KELLER et al. 2021). This possibility can
only be used if the characteristics that contribute to the successful stay of
medicinal bath tourists in a medicinal bath are known. To explore this
important issue, we defined two research goals. Our first goal is to estab-
lish whether the Hungarian middle-aged middle class, who mostly visit
medicinal baths, clearly perceive the medicinal bath place’s characteris-
tics. Our second goal is to explore, whether the main features of medicinal
bath places, among Hungarians, can be divided from each other into char-
acteristically different ways of thinking. Getting to know these basic issues
can help the medicinal bath places’s planners and decision-makers to bet-
ter satisfy guest needs.

Materials and Methods

In order to achieve our research goals, we used the questionnaire sur-
vey among the quantitative research methods (TAKACS 2016). The asser-
tions of the questionnaire measured the importance of Hungarian medici-
nal bath place characteristics among the Hungarian adult population, the
other questions related to the socio-demographic characteristics of the
respondents. The assertions of the questionnaire were selected based on
relevant international and domestic literature. As a means of data collec-
tion, we used a paper-based questionnaire, which was delivered to the
interviewees through intermediaries. The respondents were selected ran-
domly (BABBIE 2017) in different settlements in Hungary. The require-
ments for respondents was adulthood and Hungarian citizenship. Data
collection took place until the planned 200 evaluably completed question-
naires were reached. The socio-demographic characteristics of the 200 peo-
ple who in an evaluable manner completed the questionnaires, taking into
account distribution ratios it was possible to reach the middle-aged Hun-
garian middle class in the broad sense (Table 1).
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Table 1
Socio-demographic characteristics of the respondents (N = 200)
Specification Level Count Proportion p
female 116 0.580 0.028
Gender
male 84 0.420 0.028
18-39 years 46 0.230 <.001
Age 40-59 years 98 0.490 0.832
60+ years 56 0.280 <.001
worker, entrepreneur 131 0.655 <.001
Economic activity pensioner 55 0.275 <.001
inactive (student,
<
unemployed, other) 14 0.070 001
elementary 16 0.080 <.001
Educational attainment secondary education 141 0.705 <.001
higher education 43 0.215 <.001
city 111 0.555 0.137
Residence
village 89 0.445 0.137
) living alone 74 0.370 <.001
Family status
living in a relationship 126 0.630 <.001
below average 13 0.065 <.001
Income level average 165 0.825 <.001
above average 22 0.110 <.001
Note. H, is proportion # 0.5

Source: Own calculation and editing

Based on the age of those who completed the questionnaire (42% male,
58% female), 23% were 18-39 years old, 49% were between 40-59 years
old, and 28% were older than 60 years. In terms of highest education, 8%
had primary education, 70.5% had secondary education, and 21.5% had
higher education, in terms of their economic activity, 65.5% were employed,
27.5% were pensioner and 7% were unemployed. According to their mari-
tal status, 37% live alone, 63% in a relationship, 55.5% live in a city, and
44.5% live in a village. Based on their perception of income, 6.5% have
below average income, 82.5% have average income, and 11.0% have above
average income.

To measure the characteristics of medicinal bath place features, we
used a sophisticated five-point Likert scale, where 1 means ,not at all”,
2 means ,to a small extent”, 3 means ,,to a moderate extent” 4 means ,to
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a great extent” and 5 meant “completely” agree. The obtained data were
processed using the statistical analysis program Jamovi version 2.3.21 of
the Windows 10 program package. Among the data processing methods,
we used univariate descriptive statistical analyzes (mean, median, mode,
standard deviation, minimum, maximum) and multivariate analysis
(TAKACS 2017). Among the multivariate methods, principal component
analysis and factor analysis were used in order to explore Hungarians’
ways of thinking about medicinal bath place characteristics.

Results

Our investigation concerned how important the respondents consider
the values of the medicinal bath place environment to be. In this part of
our investigations, we looked for the answer to how the Hungarian popu-
lation evaluates the importance of the characteristics of the medicinal
bath places. A significant proportion of those interviewed had a favorable
opinion of the characteristics of the medicinal bath place. Among them,
a significant degree (4.02) of acceptance of a medicinal bath place environ-
ment. The standard deviation of the responses to the statements is below
1 with one exception. It follows that the respondents perceive the factors
of the values of the medicinal bath place environment (Table 2).

Table 2
Average order of importance of the medicinal bath place features (V= 200)
95% confidence o )
Specification N | Mean interval Mode | SD Mini- | Maxi-
mum | mum
lower | upper
1 2 3 4 5 6 7 8 9
Silence and calme 200 | 4.56 4.44 4.68 5.00 | 0.860 1 5
Quality of accomodation 200 | 4.28 3.87 4.11 4.00 | 0.715 2 5
Beautiful environment 200 | 4.21 4.03 4.25 4.00 | 0.708 2 5
Wide range of treatments 200 | 4.20 4.03 4.26 4.00 | 0.831 1 5
Gastronomy quality 200 | 4.14 3.90 4.14 4.00 | 0.757 2 5
Quality of medicinal service | o5 | 414 | 397 | 421 | 400 |0.817] 1 5
and treatment
The cleanliness and charm
of the medicinal bath park 200 | 4.09 4.12 4.31 4.00 | 0.828 1 5
Favorable cost of accomodation | 200 | 4.07 3.76 4.02 4.00 | 0.802 2 5
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cont. Table 2

1 2 3 4 5 6 7 8 9
Transportation (accessibility, | o0 | 407 | 408 | 431 | 400 0830 | 1 5
parking)

Medicinal bath and the safety of | o) | 4 59 | 5095 | 419 | 400 0839 | 1 5
the settlement (low crime rate)

Cleanliness of streets 200 | 4.00 3.36 3.67 4.00 | 0.833 2 5
A wide selection of cultural

attractions in the spa settle- 200 | 3.99 3.95 4.18 4.00 | 0.880 2 5
ment

Wide selection of tourist

attractions in the settlement 200 | 3.92 418 4.37 4.00 1 0.878 1 5
Treatment cost are low 200 | 3.89 3.44 3.71 3.00 | 0.939 1 5
X?SS events, concert, festivals, | o) | 563 | 379 | 404 | 400 | 0931 1 5
Et‘;t)ertamment (cinema, dance, | o, | 358 | 351 | 376 | 400 |0.974| 1 5
Opportunity to get to know

other medicinal bath visitors 200 | 3.52 3.88 412 4.00 | 1.103 1 5

Source: Own calculation and editing

For the respondents, the silence and calme (4.56), the quality of the
accommodation (4.28), the beautiful environment (4.21), the wide range of
treatments (4.20) and the quality of the gastronomy (4.14) the most import-
ant. The most important characteristics also received the lowest standard
deviation values, which proves the significant agreement. We have to
emphasize all of this because it draws attention to the increased impor-
tance of the mdicinal bath place milieu.

For the respondents, the least important are the possibilities of using
the services provided by the cultural and entertainment facilities provided
by the medicinal bath place, which also received the highest standard
deviation. For the respondents, it is less important to be able to get to
know each other at the medicinal bath place (3.52), have fun, go to the
cinema, dance (3.58), or participate in larger events, such as concerts and
festivals (3.63).

The system of medicinal bath place characteristics were examined
with a cluster analysis prepared and substantiated by factor analysis.
During the factor analysis, the initial variables were examined using the
Bartlett test. The result of the test 1s: x2 = 1294; df = 136; p < 0.001, which
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means that the variables are suitable for factor analysis. Using this proce-
dure, we determined three pincipal components based on the professional
aspects and the main values of the medicinal bath place characteristics.
The selection also meets the Scree-test rule of thumb criterion, because
after the third factor the value of the explained variance significantly dete-
riorates. At the fourth factor number that is the rule of thumb, which is
relevant due to the explained variance. The break at the fourth factor
number confirms the choice of the three-factor solution.

These criteria gave us the number, of principal components considered
justified for the investivation. As can be seen from the presented figure,
the examination of a total of three principal components became justified
(Table 3).

Table 3
Explained variance of medicinal bath place characteristics
Component SS loadings % of variance Cumulative [%]
1 3.49 20.5 20.5
2 2.76 16.2 36.7
3 2.48 14.6 51.3

Source: Own calculation and editing

The three principal components isolated in the examinations explain
a total of about 51.3% of the variance of the tested sample, which is a good
value, but does not reach the 60% threshold accepted as a rule of thumb.
This also confirms that the proportion of factors that could not be taken
into account even with the use of principal component analysis is rela-
tively large. In other words, this should be seen as a warning sign from the
point of view that these principal components explain, interpret, a little
more than half of the variance of the examined sample. Furthermore, it
also means that in the case of medicinal bath place characteristics, there
1s a significant difference in opinions in the sample. The medicinal bath
place characteristics are explained by the first principal component in
20.5%, the second principal component in 16.2%, and the third principal
component in 14.6%. In the three principal components, the principal com-
ponent weights show relatively large differences, as a result of which these
three principal components are suitable for revealing three well-separated
ways of thinking with their help.

From the component matrix, it can be read which variable best char-
acterizes which factor based on its largest absolute values (Table 4).
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Table 4
Component-matrix system of medicinal bath place characteristics
Component
Specification Uniqueness
1 2 3
The cleanliness and charm of the
medicinal bath park 0.766 B B 0.390
Transportation (accessibility, parking) 0.757 - - 0.362
Favorable cost of accomodation 0.722 - - 0.408
Quality of accomodation 0.663 - - 0.544
Beautiful environment 0.594 0.311 0.538
Gastronomy quality 0.323 - — 0.793
Quality of medicinal service and treat- B 0.768 B 0.401
ment
Wide range of treatments - 0.656 - 0.499
Medicinal bath anfl the safety of the B 0618 B 0.544
settlement (low crime rate)
Treatment cost are low 0.495 0.584 - 0.402
Silence and calme - 0.532 - 0.692
A wide selection of cultural attractions B 0.493 0.450 0.544
in the spa settlement
Mass events, concert, festivals, etc. — — 0.836 0.274
Entertainment (cinema, dance, etc.) - - 0.782 0.360
Wlde selection of tourist attractions 0.474 B 0616 0.395
in the settlement
OprI‘Atumty to ggt' to know other _ 0371 0.509 0.538
medicinal bath visitors
Cleanliness of streets 0.398 - 0.421 0.593

Note. Varimax’ rotation was used

Source: Own calculation and editing

In order to make the component matrix easier to interpret, three fac-
tors were defined using Varimax rotation. As a result of the rotation, the
variables were classified to the individual principal components and fac-
tors. Based on these, we separated the medicinal bath place characteris-

tics according to three main dimensions and ways of thinking.

In the first principal component, the factors related to the spa environ-
ment, such as the cleanliness and charm of the medicinal bath park and
accessibility, parking, or the beautiful environment, received high factor
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loading values. The ratio of the component values also significant for those,
wich are related to the other services of the medicinal bath place, such as
accomodation and gastronomy. Overall, this dimension can be considered
as one that includes very favorable opinions about the medicinal bath
place environment.

In the second principal component, the opinions related to the quality
of medicinal service and treatment, wide range of treatments and low-cost
medical treatments appear with significant principal component factor
loading. These factors lend a kind of ,,expert” character to this dimension.
It is noteworthy that in this principal component, the opinion regarding
the medicinal bath and the safety of the settlement, as well as the low
crime rate, received a high value. Overall, this dimension can be consid-
ered as one that includes very favorable opinions about the medicine of the
medicinal bath place.

The basic factors of the third main component are mass events, concerts,
festivals, entertainment such as cinema, dance, and wide selection of tourist
attractions in the settlement. Interestingly, the cleanliness of the streets
was included in this dimension, which reflects the environmental culture
of the locals. Overall, this dimension can be considered as one that includes
very favorable opinions about the culture of the medicinal bath place.
Based on these, we separated three main dimensions and lines of thinking
from the point of view of the medicinal bath place characteristics (Table 5).

Table 5
The factor system of medicinal bath place — characteristics
95% confidence
Factor Indicator Estimate SE interval VA D
lower upper
1 2 3 4 5 6 7 8

the cleanliness and
charm of the 0.599 0.0550 | 0.492 0.707 10.89 | <.001
medicinal bath park

transportation
(accessibility, 0.618 | 0.0540 | 0512 | 0.724 | 11.45 | <.001
parking)

Factor 1 | favorable cost of 0.544 | 0.0549 | 0.436 | 0.652 | 9.90 | <.001
accomodation

quality of accomo-

R 0.403 0.0508 0.304 0.503 7.94 <.001
dation

beautiful environ-

0.462 0.0486 0.367 0.558 9.52 <.001
ment

gastronomy quality 0.307 0.0557 | 0.198 0.416 5.51 <.001
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cont. Table 5

1 2 3 4 5 6 7 8
quality of medicinal
service and 0.426 0.0609 | 0.307 0.545 7.00 <.001
treatment

wide range of

0.556 0.0586 0.441 0.671 9.48 <.001
treatments

medicinal bath and
the safety of the
settlement (low
crime rate)

Factor 2
0.444 0.0623 0.322 0.566 7.12 <.001

treatment cost are

low 0.738 0.0639 | 0.612 0.863 11.54 <.001

silence and calme 0.392 0.0641 | 0.267 0.518 6.12 <.001

a wide selection of
cultural attractions
in the spa settle-
ment

0.394 0.0662 | 0.264 0.524 5.95 <.001

mass events, concert,

. 0.618 0.0669 | 0.487 0.749 9.24 <.001
festivals, etc.

entertainment

. 0.657 0.0697 0.520 0.793 9.42 <.001
(cinema, dance, etc.)

Factor 3

wide selection of
tourist attractions 0.649 0.0608 | 0.530 0.768 10.68 <.001
in the settlement

opportunity to get
to know other
medicinal bath
visitors

0.330 0.0878 | 0.158 0.502 3.76 <.001

cleanliness of streets 0.470 0.0613 | 0.350 0.590 7.67 <.001

Source: Own calculation and editing

In the first dimension, the factors related to the medicinal bath place
environment were given a very high factor loading value. In the second
dimension, factors related to medicinal bath place medicine were given
a very high factor loading value. In the third dimension, the factors related
to the medicinal bath place culture were given a very high factor loading
value. The three ways of thinking thus formed are the environment-ori-
ented way of thinking, the medicine-oriented way of thinking and the cul-
ture-oriented way of thinking. On the basis of the three examined schools
of thought, we were able to determine significant differences in almost
every single case, which support the fact that the triple grouping, which
was established during the creation of the schools of thought, is valid.
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The differences are clearly visible based on the average values obtained
for the degree of identification with certain statements examined in the
lines of thinking. In the environment-oriented direction of thinking, as we
expected, all indicators received a very high acceptance value. The highest
acceptance value was the opinion that the beautiful environment is an
important attribute of a medicinal bath place (4.21), and the cleanliness
and charm of the medicinal bath park (4.09) as well as the accessibility of
the medicinal bath place and the parking conditions (4.07) are also import-
ant. In terms of medicine-oriented thinking, the most important charac-
teristic of a medicinal bath place is silence and calme (4.56), wide range of
treatments (4.20) and the quality of medicinal service and treatment
(4.14). Interestingly, the treatment costs are the least significant in the
medicine-oriented way of thinking (3.89). The culture-oriented way of
thinking has the lowest average indicators. In the direction of culture-ori-
ented thinking, the cleanliness of the streets (4.00), the wide selection
of cultural attractions in the spa settlement (3.99) and teh wide selection
of tourist attractions in the settlement (3.92) are included. In this way of
thinking, the least important thing is to have the opportunity to get to
know other medicinal bath visitors (3.52).

Discussion

The present study deals with the significant issue of tourism manage-
ment as an interdisciplinary scientific field, the significance of the charac-
teristics of medicinal bath place in Hungary among Hungarian consumers.
By preparing this study, we aimed to contribute to the understanding of
the importance of medicinal bath place characteristics among the Hungar-
ian population and to expand the limited research on the topic so far.

Based on the socio-demographic characteristics of the 200 Hungarian
respondents who completed the questionnaire, we managed to reach the
middle-aged middle class in the broad sense, who are currently and are
expected to be visitors to the medicinal bath places in the future. 49% of
those filling out the questionnaire are middle-aged, 92% have a secondary
education or higher, 93.5% have an average or above-average income. So
the sample is limitedly representative as the base population is not known.
In the primary study, using modern mathematical and statistical meth-
ods, consumers’ opinions on the features that contribute to a successful
medicinal bath place stay were examined.

From the test results obtained with the help of a survey based on the
objective of the research, two conclusions regarding the importance of the
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characteristics of medicinal bath place follow, which can be considered as
new, scientifically proven results. As a first finding, it was proven that the
Hungarian middle-aged middle class perceives the characteristics of the
medicinal bath place. It was proven because the interviewees perceived
the importance of medicinal bath place characteristics, but the opinions
differed. The standard deviation of the answers was below 1 with one
exception, which is acceptable. It follows from all of this that the respon-
dents perceive the characteristics of the medicinal bath place and believe
that some of them play a significant role in a successful stay at the medic-
inal bath place. These are the silence and calme, the quality of the accom-
modation, the beautiful environment, the wide range of treatments, the
quality of the gastronomy, and the quality of medicinal service and treat-
ment. The mass events, concerts, festivals, entertainment such as cinema,
dancing, and the opportunity to get to know other medicinal bath visitors
play the least role in a successful medicinal bath place stay. As a second
finding, it was proven that among Hungarians, the main characteristics of
medicinal bath places can be divided into characteristically different ways
of thinking. It was proven because we identified three groups of principal
components, taking into account the test criteria, using sophisticated
mathematical-statistical data processing methods. One of the principal
component groups defined the indicators that clearly included a positive
and favorable opinion about the medicinal bath place environment. The
other is the one that favorably evaluated the characteristics related the
medicinal of the bath place and showed its importance. And the third
included those indicators that mainly focused on cultural factors in the
medicinal bath place area. As a result, three clearly distinguishable ways
of thinking were identified, the environment-oriented way of thinking, the
medicine-oriented way of thinking and the culture-oriented way of think-
ing, which contribute to a successful medicinal bath place stay.
Comparing our results with similar studies from other countries, we
conclude that, like domestic spa guests, the availability and development
of medical services is also important for the majority of Greek spa guests
(PAPAGEORGIOU and BERIATOS 2011). Compared to the characteristics of
spas in Vojvodina, the characteristics of Hungarian spas can be better
assessed and provide users with more complex and advanced medical
tourism opportunities (KOSIC et al. 2011, VOROS and SZABO 2024). Accord-
ing to a survey conducted in neighboring Romania (SWOT analysis), the
proper use of their country’s outstanding natural resources for medical
tourism requires the modernization of accommodation and catering facili-
ties, as well as the development of recreation and leisure facilities (NEACSU
and PLATON 2019). The results of foreign researchers confirm our position
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that for the development of a suitable medicinal bath place, a scientific
assessment of the features and user needs of the given tourist region is
essential, with the results of these analyzes the necessary development
directions can be determined for a more effective medicinal bath place stay.

These new, scientifically proven results can help medicinal bath place
planners and decision makers to better satisfy guest needs, medicinal
tourism planners, tourism marketing professionals to better utilize new
market opportunities, and medicinal bath managers to better meet guest
needs, thereby contributing to a successful medicinal bath place stay for
guests.

Translated by Agnes Erzsébet Hojeska, Zoltan Bujdosé
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Abstract

The aim of the study was to assess the activities of agritourism farms in the use of herbal
plants. The basis for the assessment was an analysis of the agrotourism offer proposed in this
respect on the websites of the surveyed farms. The offer of 25 agrotourism farms from different
regions of Poland was analysed, which concerned the use of herbs in ornamental, utilitarian,
cosmetic-therapeutic and educational aspects. The use of herbal plants in individual aspects
varied considerably. All farms used herbs for ornamental and nutritional purposes. The use of
herbs in the commercial and cosmetic-therapeutic aspects was on offer in every fourth farm. The
educational aspect of the use of herbs was offered by three quarters of the farms. The educational
offer was mostly carried out in the form of workshops. The topics of the classes varied. Most
often, workshops were offered on learning about medicinal plants and their properties. Less
frequently, workshops were offered on cooking, growing herbs, making herbal cosmetics and
herbal therapies. The fewest workshops were offered on making herbal decorations. In general,
the offer of using herbal plants in the activities of agritourism farms was well integrated into the
agritourism context, and at the same time it fitted well into the cultural heritage of the Polish
countryside.

Introduction

Agrotourism is one of the forms of rural tourism, which includes vari-
ous types of services related to spending holidays in the countryside, rang-
ing from accommodation, through partial or full-day meals, to a very
diverse package of accompanying services. An important element of run-
ning an agritourism business is skillful communication of its services to all
those interested in spending their leisure time in the countryside. The
offer, which each agritourism farm can present to potential recipients of
its services, serves this purpose. Expectations of service recipients and

Address: Bozena Jaworska, University of Warmia and Mazury in Olsztyn, e-mail: bozena.jaworska@
uwm.edu.pl
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competitiveness on the market, make agritourism farms strive to have the
widest possible offer and the highest possible quality of services
(LURASIEWICZ 2018, MATLEGIEWICZ 2015, PRZEOREK 2018). This also
applies to the offer related to the possibilities of using the potential of
herbal plants in the activities of agritourism farms.

Herbal plants (herbs) are a large group of botanically and usefully
diverse plants. They belong to many botanical families, genera and spe-
cies. In Polish, the name herbs is not very precisely defined and has
a rather broad meaning because it refers to all plants containing in their
composition active biological compounds that can influence physiological
processes in human and animal organisms (SZEMPLINSKI 2017).

For centuries, man has inhabited areas rich in plant life. Through con-
tact with them, he has discovered the nutritional, poisonous and healing
properties of plants. From generation to generation, knowledge of herbal
plants and their properties has developed through experience and obser-
vation. Initially passed on orally, it was later written down. On this basis,
skills in the use of herbal plants grew and knowledge of them increased.
The oldest records of herbal plants, how they were harvested, processed
and used, date back five thousand years (DROZD 2012, MAKARSKA-
-BIALOKOZ 2019, 2020a, 2020b).

All accumulated knowledge about herbal plants has been verified by
scientific research. Thanks to the original intuitive attempts to use herbal
plants and their subsequent scientific confirmation, it is now possible to
use them in a fully informed and responsible manner (KUZNICKA and
DzI1AK 1984). Herbal plants are used in many fields of human activity.
Among the herbal plants are species that, due to their active substances,
can only be used under controlled conditions (BACLER-ZBIKOWSKA and
STEBEL 2023, RIVERA et al. 2013). There are also herbal plants whose use
in conventional medicine is limited, but they are of importance as plants
used in non-conventional (alternative) medicine, in various types of thera-
pies (EWANSIHA et al. 2022, PAL and SHUKLA 2003). In addition to medici-
nal use, herbal plants are widely used in the food industry. Among other
things, they are used to enrich the taste of food and beverages as so-called
spice plants (KUDELKA 2008). Areas that benefit from the properties of
herbal plants also include the cosmetic and perfume industry (JANKOWIAK
and SCHASCHNER 2013). There are also those herbaceous plants that pro-
vide tannins for the tanning industry, fibres for the textile industry or
dyes used in artistic weaving (NEWERLI-GUZ 2016).

Some of the uses of herbal plants have been applied in various forms
of agro-tourism activities (CHAIYAKOT and VISUTHISMAJARN 2012, FIRMINO
2010, HAKIM et al. 2016, SALA 2021, WIDAYATTI et al. 2024). On agritourism
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farms, herbs are used in various aspects. This is reflected in the offer cre-
ated based on herbal plants and their place both in the tradition and cul-
ture of the village and in the contemporary agritourism farm. One of the
interesting areas of research in the context of the development of agritour-
ism farm activities is the potential of their use of herbal plants and the
associated offer. The aim of this study is to assess the activities of agri-
tourism farms in terms of the use of herbal plants.

Materials and Methods

The research material was obtained from information posted on the
websites of agritourism farms as part of an offer concerning the use of
herbal plants in their activities. The information presented on the single
electronic address of agritourism farms was preliminarily analysed in
order to establish classification criteria suitable for the study. Only agri-
tourism farms with their own website were analysed. The condition for
qualifying an agritourism farm for the study was to have its own website,
accommodation and catering offer and to include at least two activities
related to the use of herbal plants in the offer. The criteria were defined so
that at least one farm from each province qualified for the study. The
research covered the entire area of Poland, broken down by voivodeship.
The search for agrotourism farms was conducted taking into account their
location. Objects in each voivodship were searched for successively. If the
number of facilities meeting the criteria set out for the study was less than
three, all agritourism farms were taken into account. If the number was
higher than three, further selection criteria were based on the diversity of
agrotourism services offered, in terms of the use of herbal plants, and
those with the widest offer were classified. Finally, 25 agrotourism farms
from different regions of Poland were selected for the study. Their charac-
teristics were drawn up on the basis of a thorough analysis of the data
found on the websites of these facilities. If a farm belonged to a network of
educational homesteads, the offer offered there was also included in the
general offer of the farm with regard to the use of herbal plants.

The methods of analysing the collected data consisted in selecting
agrotourism farms meeting the assumed criteria, analysing the full offer
of selected agrotourism farms, extracting data on the use of herbal plants
in each of the facilities, and grouping these data, depending on the way the
herbs were used, into the following aspects: ornamental, utilitarian (nutri-
tional), therapeutic-cosmetic, commercial and educational. For the educa-
tional aspect, the workshops on offer were grouped according to their sub-
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ject matter. The data were compiled using Microsoft Excel and then anal-
ysed and interpreted in terms of the research topic.

Results and Discussion

The use of herbal plants in the activities of agritourism farms is based
on the centuries-old tradition of herbalism and herbal medicine in the Pol-
ish countryside (CIECHOMSKA 2018, KUZNICKA and WYSAKOWSKA 1993).
Herbal plants and their properties have been known and valued by the
rural community there for centuries. They were sought after, extracted,
processed and used, and the skills to use them were passed down from
generation to generation. Herbal plants were initially extracted from
clumps growing naturally in meadows and forests. Later, they also began
to be cultivated on peasant homesteads (NOWINSKI 1980). Herbs became
common in village gardens at the turn of the 18th and 19th centuries (IWA-
NIUK and KOWALIK 2014). They were present in all parts of the village
garden, depending on the function they served. In the ‘fore-garden’, herbs
used primarily for medicinal or ceremonial purposes grew among orna-
mental plants. In the ‘vegetable garden’ herbs used in the village kitchen
were grown. Within the homestead, under the fences, in the grove and in
the orchard between the trees, grew wild herbaceous plants used for heal-
ing and rituals, i.e. the so-called ‘weeds that heal’ (SZOT-RADZISZEWSKA
2017). Herbaceous plants were valued for their ornamental qualities,
medicinal, spice and honey-giving properties, as well as their oil, dye, fibre
and insecticide properties (SZEMPLINSKI 2017). They were also used in tra-
ditional folk ceremonies and in the celebration of many church festivals. In
addition, they were attributed magical powers that were reflected in folk
beliefs (SZOT-RADZISZEWSKA 2005).

Agritourism farms have become the refuge of herbal traditions in the
Polish countryside, and the development of rural tourism has resulted in
the use of herbal plants as part of agritourism activities. The offer of agri-
tourism farms for the use of herbal plants can be very rich (KLEPACKA-
-DUNAJKO and KALUZNA 2015, SALA 2021, W0S 2017). It can be based on
garden or field cultivation of herbaceous plants. All surveyed agritourism
farms (25) base their offer for the use of herbal plants on their cultivation
in the garden (Table 1). Gardens in relation to agrotourism farms are areas
with a specified use, with recreational and leisure, didactic and educational,
utilitarian and aesthetic purposes (KALUZNY and HANUS-FAJERSKA 2016).
Additionally, 7 farms (28%) still cultivate herbs in the field (Table 1).
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Aspects of the use of herbal plants in the offer of agritourism farms

Table 1

. g Use of herbal plants
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2 :1&12]2 |82
1 | ‘Chata Morgana’ Lower Silesia glf + + - +
2 | ‘Lovenda Kujawska’ Kuyavia-Pomerania | g/f + + - + | +
3 | ‘Ekogo$ciniec Pachotéwko’ Kuyavia-Pomerania g + + - +
4 | ‘WiedZzminowo’ Lublin g + + - +
5 | ‘Koziotek Suchodotek’ Lubusz g + + - + | +
6 | ‘Leéne Zacisze’ Lubusz g + + - +
7 | ‘Synowcéwka’ Lodz g + + - -
8 | ‘Lopusze’ Lesser Poland g + + - +
9 | ‘Willa Jasna’ Lesser Poland g + + - +
10 | ‘Pod Debem’ Masovia g + + - +
11 | ‘Uroczysko’ Opole g + + - +
12 | Zadnie Luk?’ Subcarpathian g + + - -
13 | Ziotowy Zakatek’ Podlasie g + + + + | +
14 | ‘Czar Podlasia’ Podlasie g + + + +
15 | Lawendowa Osada’ Podlasie g/f + + + +
16 | ‘U Lawendowej WiedZmy’ Silesia glf + + - -
17 | ‘Oaza Zdrowia’ Holycross g + + + + | +
18 Sled,hSk? Orzechowe Warmia-Masuria g + + + +
Wzgbrze
19 | “Ziotowa Dolina’ Warmia-Masuria glf + + - + | +
20 | Ziotowy Dzbanek’ Warmia-Masuria g + + + +
21 | ‘Lawendowe Pole’ Warmia-Masuria glf + + + + | +
22 | Zagroda u Kuski’ Greater Poland g + + - +
23 | Zielone Zacisze’ Greater Poland glf + + + + | +
24 | ‘Knieja’ West Pomerania g + + - +
25 | ‘Piotrogrédek’ West Pomerania + + - -
All [numer] - - 25 | 25 8 7121
All [%] - — 100 | 100 | 32 28 | 84




270 Bozena Jaworska

In field cultivation, lavender is the most commonly grown herb. Only
one farm cultivates herbs in the field for the extraction of herbal raw mate-
rial other than lavender. The range of uses of herbal plants can include
ornamental, utilitarian (nutritional), therapeutic-cosmetic, commercial
and educational aspects of these plants.

Herbal plants can only be present in the garden with an ornamental
function (KOWALIK and KOWALSKA 2013). They can be a great enrichment
of flower beds Thanks to their varied colours, shapes and textures, they
add variety to plant compositions and, by emitting pleasant aromas, stim-
ulate the senses (MARWICKA et al. 2015). This way of using herbs is
included in the offer of all surveyed agritourism farms (Table 1).

The utilitarian aspect of herbal plants is based on their extraction for
various purposes within the farm business. Herbs can be used in agro-tour-
ism food offerings as an ingredient in traditional regional products and
dishes (ORLOWSKI 2018, 2022). They enrich the taste and aroma of dishes,
traditionally made cheeses, pickles, hams or sausages. Herbs also work
well as an addition to sauces, salads and various drinks. They can be used
to prepare infusions, juices, syrups and wines and liqueurs, which can
enhance the offer of the agritourism farm. All the farms surveyed offer the
use of herbs for food purposes (Table 1).

Herbal plants can also be used for therapeutic and cosmetic purposes.
This type of activity is on offer at 32% of the surveyed agrotourism farms
(Table 1). The offer in this respect can be very diverse (PRZEZBORSKA 2010).
Many herbs are suitable for the preparation of natural cosmetics, which
can be used on an agritourism farm. Wellness, physiotherapy and cosme-
tology treatments using herbal plants can also be offered (GEDIYA et al.
2011, JANKOWIAK and SCHASCHNER 2013). These include various types of
baths, massages, rituals and other treatments aimed at addressing health,
regeneration and also well-being needs. The “Ziolowy Zakatek’ and ‘Lawen-
dowa Osada’ farm have a wide range of activities in this area. The treat-
ments offered there are performed using various herbs at Ziotowy Zakatek’,
on the basis of lavender at ‘Lawendowa Osada’. Agrotourism farms ‘Czar
Podlasia’ ‘Siedlisko Orzechowe Wzgoérze’, ‘Ziotowy Dzbanek’ ‘Lawendowe
Pole’, “Zielone Zacisze’, also offer the use of herbs in the therapeutic-cos-
metic aspect, but to a lesser extent. The therapeutic aspect of the use of
herbs can also be realised in the offer of phytotherapy. Phytotherapy, i.e.
treatment with herbs, is one of the oldest methods of natural medicine and
also one of the branches of unconventional medicine, but it requires knowl-
edge and experience (BAHMANTI et al. 2016). Typical phytotherapy is only
offered by the ‘Oaza Zdrowia’. A centre for dietetics and phytotherapy, it is
run there by a certified phytotherapist and nutritionist. Her dietary rec-
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ommendations and product selection for chronic health problems are par-
ticularly appreciated. Offerings using herbs for therapeutic purposes can
also be quite different from others. Herbal plants are involved in horti-
cotherapy (CAPUCHO et al. 2023). Hortitherapy is a non-conventional ther-
apeutic method that involves influencing a person’s overall condition
through their contact with plants in the garden. It can be passive or active
hortiterapy. Passive hortiterapy is primarily walking and observing plants
to stimulate the senses in order to achieve tranquillity, peace and relax-
ation. Active hortiterapy, on the other hand, takes place through physical
work in the garden. Gardens designed for hortiterapy activities are
so-called sensory gardens, which are designed to stimulate the senses of
hearing, touch, smell, sight and taste. Such gardens must therefore be
specifically designed to achieve the goal of the therapy conducted there
(LATKOWSKA and MIERNIK 2012). This type of use of herbal plants is offered
by the “iotowy Dzbanek’ agrotourism farm and ‘Siedlisko Orzechowe
Wazgbrze'.

Another way of using herbs in the activities of agro-tourism farms is
by offering to sell them. The sale concerns both medicinal raw materials
usually in the form of dried or oil, as well as culinary or cosmetic products
made from the processing of medicinal plant raw materials. Handicraft
items made from herbs are also often available. This way of using herbal
plants is offered by 28% of the surveyed agro-tourism farms (Table 1).

An agrotourism offer based on the use of herbal plants may also con-
cern educational activities thematically related to these plants
(WISNIEWSKA and SZYMANSKA 2020). The offer in this respect is most often
based on proposals for thematic workshops organised by the farms, but
can also be implemented in a completely different way. 84% of the sur-
veyed agritourism farms have an educational offer on herbaceous plants
(Table 1).

The cognitive aspect of herbs can also be realised through workshops
on the identification of herbal plants, learning about the raw herbal mate-
rial, its properties and possible uses. The herbal raw material is not always
the whole plant, often only a part of it (leaves, flowers, fruits, seeds, rhi-
zomes or other parts of the plant), and the extraction of herbal raw mate-
rials follows strict rules (SZEMPLINSKI 2017). Workshop participants learn
to recognise different species of herbs, how to obtain herbal raw material
from them, their properties and purpose. This type of workshop is offered
by 76% of the surveyed farms (Table 2). On the farm “Ziotowy Zakatek’ it
1s implemented on the basis of the Podlaski Herb Garden with the status
of a botanical garden (KLEPACKA-DUNAJKO and KALUZA 2015). Each plant
in the garden here has a plaque with its name and description. A mini
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garden of herbaceous, utilitarian and forgotten plants bearing identifiers
also has a farm called ‘Lawendowe Pole’.

Table 2
Types of workshops using herbal plants on offer at agritourism farms.
. . . -
Types Order number of agritourism farms according to Table 1 _é % <
. <
of work-shops 1]2]3|a|5|6|7]|8|9|1011]12|13|14|15]16]17|18|19|20|21|22|23|24|25| = | @

Workshop to learn
about herbal plants,
their properties
and uses

Herbal plant
cultivation workshop

Workshop on the
culinary use of herbs

Workshop on making
herbal cosmetics and
applying herbal
therapies

Workshops for
creating decorations B S8 I S N N I o I I A R I B o A I A R I B I I B e 28
with herbs

Agri-tourism farms can also offer workshops to enrich knowledge and
practice in the cultivation and care of herbs. Herbs are quite a diverse
group of plants. The conditions for their cultivation must meet the envi-
ronmental requirements associated with where they are found in natural
plant communities. They most often have high light requirements, low
moisture requirements and variable soil requirements. Most common
herbs can be grown in an agro-garden. However, not all herbs are suitable
for traditional cultivation; some can only survive in container cultivation
(GAWLOWSKA 2014). Workshop participants create their own small herb
crops, preparing plots, sowing, planting, tending and fertilising the plants.
This type of workshop is offered by 36% of the surveyed farms (Table 2)
and these are: ‘Chata Morgana’, ‘Lovenda Kujawska’, ‘Ekogoéciniec
Pachotéwko’, ‘Koziotek Suchodolek’, ‘Leéne Zacisze’, ‘Willa Jasna’, ‘Lawen-
dowa Osada’, ‘Siedlisko Orzechowe Wzgdrze’, ‘Lawendowe Pole’.

Another form of workshop on the offer of agritourism farms based on
herbal plants can be their use for culinary purposes. Herbs are an essen-
tial component of dishes in any agritourism kitchen. Products and prepa-
rations based on herbs are also (KUZNICKA and DZIAK 1984). The ability to
use them in traditional regional cuisine can be taught in culinary work-
shops (ORLOWSKI 2016, ORLOWSKI and WOZNICZKO 2016). Workshop par-
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ticipants take part in the process of preparing dishes with herbs, gaining
the ability to make herbal infusions, juices, syrups and preserves, as well
as vinegars and oils with the addition of specific herbs. They can also learn
how to make herbal tinctures. Workshops on culinary topics are offered by
40% of agritourism farms (Table 2). Most of them base their workshops on
the preparation of beverages, infusions and herbal preserves. These
include ‘Lovenda Kujawska’, ‘Koziotek Suchodolek’, ‘Leéne Zacisze’, ‘Pod
Debem’, ‘Uroczysko’. Composing herbal mixtures to make infusions or
spices is on offer at “Ziotowy Zakatek’. Workshops on the principles of using
herbal spices in various dishes, using them in meat marinades and vege-
table and fruit preparations, adding them to salads and salads are offered
by ‘Willa Jasna’. ‘Lawendowa Osada’ has on offer the preparation of dishes
with the addition of lavender. Baked goods with herbs are offered by the
‘Lawendowe Pole’ and the ‘Oaza Zdrowia’.

The theme of the workshop can also be based on the use of herbal
plants for cosmetic or therapeutic purposes. Herbs are often used in cos-
metics for their healing and care properties. Natural herbal raw materials
can be used in personal care as an ingredient in creams, masks and body
wraps, but often their use also has a therapeutic effect. The possibilities
for producing natural cosmetics based on herbal plants and treatments
using them are extensive (GEDIYA et al. 2011, JANKOWIAK and SCHASCHNER
2013, PRZEZBORSKA 2010). Workshop participants most often compose
herbal cosmetics on their own, and less often learn the use of herbs in phy-
totherapy. Cosmetic-therapeutic workshops are offered by 44% of the
farms (Table 2). Workshops on the cosmetic use of herbal plants take place
in most lavender agro-tourism farms (‘Chata Morgana’, ‘Lovenda
Kujawska’, ‘Lawendowa Osada’, ‘Lawendowe Pole’, ‘Zielone Zacisze’).
These include workshops for the production of bath balls, soaps, hydrolats,
lavender oils and creams. The agritourism farms “iolowy Zakatek’,
“Ziolowy Dzbanek’, ‘Wiedzminowo’, ‘Knieja’ base this type of workshop on
the composition of various herbal ingredients other than lavender. Only
two farms offer workshops on typical phytotherapy and these are ‘Oaza
Zdrowia’ and “Zagroda u Kuski’.

Handicraft workshops using herbs can also be an interesting proposi-
tion in the offer of agritourism farms. Herbs are a very versatile material
for artistic inspiration (MAGOWSKA 2014). They are often a decorative ele-
ment of agritourism interiors, dried, arranged in bouquets, enclosed under
glass in the form of paintings, or embedded in wax. Workshop participants
make a variety of objects from herbs themselves. 28% of the surveyed agri-
tourism farms offer this type of workshop (Table 2). Most of them offer
workshops on weaving herbal/lavender garlands (Zielone Zacisze',
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‘Lovenda Kujawska’, ‘Ekogosciniec Pachotéwko’, ‘Lawendowa Osada’). In
the field of handicrafts, workshops are also offered for weaving herbal
macchiatos, making flower compositions on a tambourine, creating flower
compositions on canvas (‘Ziotowy Zakatek’), making herbal handmade
paper or candles (‘Ziotowy Dzbanek’, Zielone Zacisze’, ‘f.opusze’) or laven-
der/herbal fusetek (‘Lovenda Kujawska’).

The agritourism offer for the use of herbal plants presents diverse pro-
posals and indicates the most common practices related to their use. It is
directly correlated with the demand observed on the tourist market It was
created on the basis of the needs signalled by tourists interested in the
traditional use of herbs and all kinds of regional products made with their
participation (WOS 2017). Agritourism farms, observing the interest in the
offer regarding the use of herbal plants, meet the expectations of its recip-
ients and try to satisfy their various preferences. The great diversity of the
offer makes it an important element in increasing the attractiveness of
agritourism farms.

Conclusions

The agro-tourism offer regarding the use of herbal plants is a return to
the centuries-old traditions of the Polish countryside. The creation of an
offer based on traditional patterns is evident in all the ways in which herbs
are used.

The use of herbs in the decorative aspect favours the preservation of
the idyllic character of a country garden in an agro-tourism farm. This type
of garden is inscribed in the traditional landscape of the Polish countryside
(ZATEK 2003). Shaping the greenery of agrotourism farms based on tradi-
tional compositional assumptions creates the possibility of restoring or, in
some cases, preserving traditional gardens in rural areas (KALUZNY and
HANUS-FAJERSKA 2016, MARKS et al. 2003, POLUCHA and MARKS 2011).

The use of herbs in the utilitarian aspect, and more specifically in the
nutritional aspect, allows the cultivation of the traditions of the regional
culinary heritage of the countryside within the framework of agro-tourism
activities. Culinary practices are the basis of culinary heritage, which is
a fundamental component of cultural heritage constituting one of the ele-
ments of cultural identity of social groups. It is a wealth of culinary history
usually differentiated at the local or regional level being a reflection of
their past (JAWORSKI and DOMINIK 2017, KRUPA 2010, PRZYBYLO-
-KISIELEWSKA et al. 2019).
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The use of herbs in the therapeutic-cosmetic aspect can be seen as an
extension of the tradition of using them to make natural cosmetics and in
folk herbalism. The use of herbs in folk medicine and cosmetology was not
a matter of chance, but was linked to extensive knowledge of their proper-
ties and effects. This knowledge, as well as customs, rituals and magical
rituals in their use are part of the cultural heritage of the Polish country-
side (CIECHOMSKA 2018).

The use of herbs in the educational aspect is connected with passing
on, in agrotourism activities, those values which are connected with the
tradition and culture of the Polish countryside to a larger number of inter-
ested parties. Tradition, understood as behaviours, customs, beliefs and
rituals handed down from generation to generation that are considered by
a community to be important for its present and future, is, in addition to
the material aspects of a culture, part of the intangible cultural heritage
(KHAMUNG 2015).

The use of herbaceous plants in each aspect indicates that these plants
are present in all zones of the agritourism garden, performing different
functions in them (POLUCHA and MARKS 2011). The presence of herbal
plants in different parts of the garden is consistent with the pattern of
traditional village gardens (SZOT-RADZISZEWSKA 2005, 2017), as is the use
of them in different aspects in agrotourism activities.

The offer of using herbaceous plants in the activities of agritourism
farms is well integrated into the agritourism context, and at the same time
fits well into the cultural heritage of the Polish countryside. It is not only
an important element of the general agrotourism offer, but also a space
where tradition and innovation can intermingle. Encouraging the develop-
ment of agrotourism related to the use of herbal plants is the general trend
of ‘slow live’, which motivates people to relax in the countryside. Agritour-
ism farms focused on herbal plant activities are fully in line with existing
trends regarding healthy eating, living in harmony with nature and caring
for the environment. In this way, they can fit in not only with the princi-
ples of agrotourism, but also ecotourism and sustainable tourism (GAWLIK
and W0S 2021, ZAREMBA 2013, 2015).

The multifaceted possibilities of using herbal plants in agro-tourism
activities make them a base for developing different types of tourism due
to the main motive of the trip. Depending on the aspect of herbs used, they
can influence not only the development of typical herbal tourism, but also
health tourism and even culinary tourism (CALISKAN 2020, TORABI FAR-
SANI et al. 2016, VASILJEVIC et al. 2012, W0S 2017). Herbal tourism based
on learning about and using herbs, through herbal medicine, is directly
linked to health tourism (ATAL and ATAL 2024, NEMETHY et al. 2020).
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Health tourism is a fast-growing form of tourism that allows leisure com-
bined with the possibility of health treatments. Its idea is in line with the
global trend of combining treatment with relaxation (f.0$ 2012, WIDARINI
et al. 2022). The same is true of culinary tourism. There is a worldwide
trend of seeking regional national culinary traditions during tourist travel,
and the local culinary heritage is an additional motivation in undertaking
tourist activities, both to distant places in the world and to those close by,
in one’s own country or region as part of the offer of agritourism farms
(NAIR and MOHANTY 2021, ORLOWSKI D. 2018, PEHIN DATO MUSA and
CHIN 2022).

All this gives rise to the conclusion that agro-tourism farm activities
based on the use of herbal plants have multifaceted potential and can be
a key element in the perspective of developing different forms of tourism
in the natural and cultural rural landscape.
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Abstract

Water-based recreation making use of the assets offered by the lakes. The impact of
recreational activities on the macroinvertebrate communities in the littoral zone was investigated
by comparing sites that had been altered for recreational purposes with sites that had not been
used for this purpose. The study was conducted on fourteen lowland lakes situated in the north-
eastern region of Poland. A semi-quantitative method was used to sample the infralittoral
macroinvertebrates at the recreationally used site and two reference sites. The results obtained
indicate that the development of recreational facilities has a moderate impact on
macroinvertebrate assemblages. Significant differences (Wilcoxon test, p < 0.05) were identified
in the macroinvertebrate assemblages of the compared sites in eight of the fourteen studied
lakes. The observed biodiversity was predominantly lower compared to the reference sites, and
the differences in community structure may be the result of the homogeneity of the littoral
habitats. In part of the lakes surveyed, macroinvertebrate communities were found to be similar
between those used for recreation and sites that had been transformed for recreational functions.

Introduction

Recreational opportunities are a primary reason people choose to visit
lakes and the fact that people benefit from access to natural and manmade
water bodies is well documented (DOI et al. 2013, VENOHR et al. 2018,
SCHAFFT et al. 2021). Inland waters are a popular destination due to their
greater accessibility compared to marine waters for the majority of people
(MEYER et al. 2021). The impact of recreation on aquatic ecosystems is
variable and depends on a number of factors, including the species involved,
the location, and the way in which recreation is managed. In general, the

Address: Jacek Koszaltka, University of Warmia and Mazury in Olsztyn, Oczapowskiego 5, 10-957
Olsztyn, Poland, e-mail: jacko@uwm.edu.pl



282 Jacek Koszalka

effects of water-based activities have been found to be negative, particu-
larly concerning their influence on plants (O'TOOLE et al. 2009, MEYER et
al. 2021), aquatic invertebrates (SCHMITT et al. 2007), fish (MEYERHOFF et
al. 2019) and birds (YALDEN 1992, MCFADDEN et al. 2017). It has been
demonstrated that water-based recreational activities can cause stress to
aquatic ecosystems, which in turn affects the diversity, composition and
abundance of freshwater organisms (VENOHR et al. 2018). The effects of
water-based recreational activities have been particularly well-docu-
mented for boating (SMITH et al. 2019, HOUSER et al. 2021), swimming
(SCHAFFT et al. 2021) and angling (LEWIN et al. 2006, O’'TOOLE et al. 2009,
NIKOLAUS et al. 2021).

The shores of lakes play an important role in the functioning of lake
ecosystems and are characterised by high biodiversity. Littoral zones are
distinguished by a complex spatial structure and variable environmental
conditions, which provide habitats for a diverse range of water inverte-
brate species (STRAYER and FINDLAY 2010). The impact of human activity
on the littoral zone has significant implications for the diversity of lake
ecosystems, with the unique assemblage of benthic organisms in this zone
being particularly vulnerable to disruption (BRAUNS et al. 2007). Macroin-
vertebrates play a crucial role in the littoral zone of lakes, and the compo-
sition of the benthos community is closely linked to the prevailing habitat
conditions. Unfortunately, there is a limitation in the available informa-
tion concerning the impact of recreational sites on the habitat and the
diversity of the fauna at the lake’s shoreline (BRAUNS et al. 2007, SMITH et
al., 2019, SPYRA and STRZELEC 2019, ARVA et al. 2021).

The aim of this study was to assess the impact of water-based recre-
ation on the richness, abundance and composition of the littoral macroin-
vertebrate communities in lowland lakes. In particular, my objective was
to respond to the following questions: 1. Does recreational alteration of the
littoral influence the taxonomic richness, abundance and composition of
macroinvertebrate assemblages? 2. Does the littoral zone, as a site for
water recreation, affect the taxonomic diversity of macroinvertebrates?

Material and Method

Study area

The investigation was conducted on 14 lakes situated in the northeast-
ern region of Poland (Figure 1). The majority of the lakes under survey
were situated within the Vistula River catchment basin (11 lakes), with
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a further three located within the Pregola River catchment basin. In accor-
dance with the typology proposed by SOLON et al. (2018), four lakes are
situated within the macroregion of the Masurian Lake District, while
those located in the Wel River basin are within the macroregion of the
Chelminsko-Dobrzynskie Lake District, and Lake Plaskie is within the
macroregion of the Itawska Lake District. Of the lakes under investiga-
tion, this is the largest, with a surface area of 620 ha. A part of the Lake
Plaskie area is protected under the European environmental protection
network Natura 2000 and the Itawa Lake District Landscape Park. The
surface areas of Lakes Majcz Wielki and Lawki range from 100 to 200 ha.
The surface areas of Lakes Kuc and Stryjewskie are less than 100 ha. The
largest of the lakes situated within the Wel River catchment area is Lake
Dabrowa Wielka, which has a surface area of 615 ha. The surface areas of
lakes Rumian, Dabrowa Mata, Tarczynskie, Grady and Lidzbarskie range
from 100 to 200 ha, while the remaining lakes are smaller than
100 ha (i.e., lakes Hartowieckie, Kietpinskie and Zarybinek). Five of the
lakes are situated within the boundaries of the Welski Landscape Park.
The lakes were selected to represent a range of water-based recreational
activities.

Fig. 1. The study area showing location of lake sampling sites 1 — Dabrowa Wielka;
2 — Dabrowa Mata; 3 — Rumian; 4 — Zarybinek; 5 — Hartowieckie; 6 — Tarczynskie; 7 — Grady;
8 — Kielpinskie; 9 — Lidzbarskie; 10 — Majcz Wielki; 11 — Kuc; 12 — Lawki; 13 — Plaskie;
14 — Stryjewskie
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Methodology

The impact of recreational activities on the littoral macrozoobenthos
was assessed by comparing areas that were subject to high levels of tram-
pling or physical disturbance with those that were less intensively used in
the infralittoral zone of selected lowland lakes. In order to provide a repre-
sentative sample of the range of impacts induced by recreational use, three
sites were selected within each lake. One site has been designated in
a location that has been modified for recreational purposes. Two reference
stations were located at the boundaries between the sandy impacted area
and the natural vegetated shoreline, which was dominated by reed and
rush. Sampling points with and without recreational transformation were
selected in close proximity to one another, taking into account the substra-
tum and riparian vegetation, as these factors have the potential to influ-
ence the distribution of aquatic fauna. The bottom fauna were sampled in
autumn (October 2009 — lakes 1-9, October 2011 — lakes 10-14, Figure 1)
using a semiquantitative method, with samples taken at a depth of between
0.5 and 0.75 m. The material was sampled using a Surber sampler. The
specimens were then picked from the sediments and identified in the labo-
ratory to the lowest possible taxonomic level, with the exception of lakes
10-14, in which the chironomids were determined to the subfamily level.

Statistical analysis

The benthic macroinvertebrate community was first analysed by cal-
culating abundance, taxonomic richness, the Shannon diversity index (H’)
and the Pielou evenness index (E) for each site. Data were analyzed using
the MultiVariate Statistical Package 3.13 (KOVACH 2007).

The Wilcoxon non-parametric rank-sum test was used to check for sig-
nificant differences between values of taxa abundances of macroinverte-
bate assemblages at sampling site turned into recreational place as com-
pared to the other sites at each lake. Comparison of benthos assemblages
was conducted only within stations at different impact level. All possible
pairs of elements (sites within one lake, not mixed) were tested. The sta-
tistical evaluation of the data was carried out with Statistica 13.1 statisti-
cal package (TIBCO Software Inc., 2017).

Results

A lower infralittoral species richness was observed at 40% of the sur-
veyed lakes (Figure 2), indicating a potential impact on the biodiversity of
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these coastal ecosystems. In two cases, the number of taxa at the impacted
site and the taxonomically poorer reference site were found to be non-sig-
nificantly different. The highest number of taxa was identified at the site
situated within the bathing area of Lake Dabrowa Wielka.
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Similarly, a comparison of the taxonomic richness of the lakes with
boat ramp sites revealed that in half of the lakes, the fewest taxa of littoral
fauna were observed at impacted sites (Figure 3). The greatest number of
taxa were observed in Lake Dabrowa Mata at boat ramp sites.
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Fig. 3. Comparison of taxa richness (S) among sites within studied lakes with boat ramp

A comparison of the structure of macroinvertebrate assemblages based
on taxon abundances revealed statistically significant differences between
impacted and reference sites for eight of the fourteen lakes under study
(Table 1). Significant differences were observed in the faunal assemblages
of lakes Kuc and Dabrowa Mata when the impacted site was compared
with both reference sites.

The Shannon diversity index values of macroinvertebrate assemblages
in the lakes under investigation ranged from 0.25 at the site with recre-
ational activities in Lake Tarczynskie to 1.33 at one of the reference sites
in Lake Kuc. The diversity of bottom fauna was lowest at the site located
in the bathing area for five lakes (Figure 4). In the case of Lakes Hartow-
ieckie and Lidzbarskie, the highest biodiversity was recorded at the
impacted site. Among the four lakes with boat ramps, the value of the
Shannon diversity index was lowest on impacted sites for three of them;
the opposite was the case for Lake Dabrowa Mala (Figure 5).
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Table 1

Results of Wilcoxon sign rank test for differences between macroinvertebrate assemblages

at stations where a recreation activity takes place and in the reference area.
Statistically significant rows are bold

. Reference Wilcoxon test
Lake Recreation impact site N ) p value

1 14 0.628 0.530
Dabrowa Wielka swimming area

2 9 1.599 0.110

1 26 0.952 0.341
Rumian swimming area

2 22 0.503 0.615

1 9 0.296 0.767
Zarybinek swimming area

2 30 3.898 <0.001

1 36 0.652 0.514
Hartowieckie swimming area

2 26 2.159 0.031

1 24 0.400 0.689
Tarczynskie swimming area

2 21 1.164 0.244

1 24 0.929 0.353
Kielpinskie swimming area

2 33 1.483 0.138

1 26 2.781 0.005
Lidzbarskie swimming area

2 38 0.109 0.913

1 38 3.009 0.003
Kuc swimming area

2 31 2.312 0.021

1 16 0.103 0.918
Plaskie swimming area

2 21 1.286 0.198

1 19 0.402 0.687
Stryjewskie swimming area

2 24 3.457 0.001

1 28 4.179 <0.001
Dabrowa Mata boat ramp

2 27 3.676 <0.001

1 22 1.542 0.123
Grady boat ramp

2 25 3.054 0.002

1 29 1.438 0.150
Majcz Wielki boat ramp

2 20 0.747 0.455

1 24 0.629 0.530
Lawki boat ramp

2 36 2.129 0.033
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Fig. 5. Results of Shannon-Weaver index (H’) and Evenness (E) for the studied stations
in the lakes with boat ramp

Discussion

Despite observing a general reduction in the taxonomic diversity of
species at sites where recreational activities were taking place, this decline
was not evident in all lakes. This may be the result of a number of factors.
The conversion of shoreline to beach results in the absence of riparian
trees. Furthermore, the presence of a boat ramp on the shoreline has an
additional impact, as it eliminates the vegetation that would otherwise
facilitate boat launching. This restricts access to plant litter, which would
otherwise provide a food source for the habitat and a food base for shred-
ders (SOLIMINI et al. 2006). Consequently, the infralittoral species rich-
ness and abundance of Ephemeroptera, Trichoptera and shredders were
markedly reduced on the beaches in comparison to the natural shorelines
(BRAUNS et al. 2007). Macrophytes provide shelter for the fauna and serve
to compensate for the influence of water movements on invertebrate fauna
(TOLONEN et al. 2001). The mosaic of habitat types present in the littoral
zone of lakes creates a high spatial heterogeneity. However, the annual
timing of strong macrophyte development often coincides with the sum-
mer months, when water recreation peaks (VERHOFSTAD and BAKKER
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2019). The impact of recreational activities on lake ecosystems is generally
less significant than other environmental factors (SCHAFFT et al. 2024).
A lake shore used during the season for recreational activities such as
bathing or for boat access is subject to repeated disruption from human
activity, including trampling and increased wave action (SOLIMINI et al.
2006). The present study demonstrates that in more than half of the lakes
surveyed, the lowest levels of taxonomic diversity were observed in areas
that have been altered for recreational use.

SMITH et al. (2019) reports that littoral macroinvertebrate assem-
blages occurring in large but relatively shallow lakes were not significantly
influenced by boating-related activity. However, the results of the present
study demonstrated greater differences between the results obtained for
the impacted and reference sites for the boat ramp lakes. In addition to
wave stress, increased turbidity and light limitations have been identified
as factors that disturb the water environment by ramp boats (SOLIMINI et
al. 2006, SMITH et al 2019).

The highest value of the Shannon diversity index at one of the refer-
ence sites in Lake Kuc can be attributed to the highest number of taxa
observed across all the studied lakes (KOSZALKA and JABLONSKA-BARNA
2020). Furthermore, diversity at both other sites was also relatively high.
Additionally, the high evenness values at all sites in this lake indicate
a very equal share of taxa in the community.

The situation in which the greatest number of taxa were identified at
induced sites in both lakes Dabrowa, which are situated in close proximate
locations, would indicate a need for further investigation.

This study attempted to assessing the impact of transforming the lit-
toral habitat for zoobenthos. Although differences in taxa diversity and
composition as well as in richness were detected for benthic invertebrates,
translating these observations as strong response to water-based recre-
ation effects should be interpreted with caution. The present study has
some limitations. For instance, due to insect life cycles, it is not possible to
carry out the survey in summer during the high tourist season. Survey
coverage of more lakes would be needed to more fully assess the impact of
the shoreline altered into a bathing area and boat ramp on macroinverte-
brate communities.

Conclusions

The present study has demonstrated that the development of recre-
ational areas has a moderate impact on macroinvertebrate assemblages.
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The observed biodiversity was predominantly lower in comparison to ref-
erence sites, and the differences in community structure are attributable
to the homogeneity of littoral habitats. In some of the lakes surveyed, mac-
roinvertebrate communities exhibited similarities between areas with low
and high recreational use.
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