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Background. This publication highlights the results of studies on the trematode
fauna of Lymnaea stagnalis (Linnaeus, 1758) in the water bodies of Lviv and its sur-
roundings. It was established that L. stagnalis is an important component of local bio-
diversity and can serve as an indicator of environmental conditions. From a practical
perspective, the research enables the detection of trematode species hazardous to
humans and animals within the study area, the identification of local foci of trematodia-
sis, and provides data for ecological monitoring of aquatic ecosystems.

Materials and Methods. The study of the trematode fauna of L. stagnalis was
conducted from June to August 2022 in five water bodies of Lviv and its surroundings,
including Sand Lakes (Lviv), Black Lake (Sknyliv, Lviv District), the lake on Sadova
Street (Sokilnyky, Pustomyty District), the pond on Krymska Street (Lviv), and the lake
in the “Znesinnia” Park (Lviv). Molluscs were collected manually or using a dip net.
During the study, 250 specimens of L. stagnalis were examined, and 750 temporary
preparations of parthenitae were prepared for species identification. The intensity of
invasion was determined during the helminthological dissection of molluscs. Statistical
data analysis was performed using Statistica 8.0 and Excel software.

Results. The trematode fauna of L. stagnalis in water bodies within the city and sub-
urbs of Lviv, characterized by partial anthropogenic impact, abundant macrophytes, and
favorable conditions for mollusc development, was studied. In the Sand Lakes, larvae of
10 trematode species were identified, 10 species in Black Lake, 8 in the lake on Sadova
Street, 10 in the pond on Krymska Street, and 6 species in the lake of “Znesinnia” Park.
The identified digeneans belonged to 8 families: Echinostomatidae, Notocotylidae,
Plagiorchiidae, Strigeidae, Diplostomidae, Haematoloechidae, Schistosomatidae, and
Telorchiidae.
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Conclusions. The species composition of the trematode fauna of L. stagna-
lis in the water bodies of Lviv and its surroundings comprises 14 species. The family
Echinostomatidae exhibited the highest species richness. The most frequently encoun-
tered species were Notocotylus attenuatus (Rudolphi, 1809) and Trichobilharzia ocel-
lata (La Valette, 1855). The prevalence of L. stagnalis infestation in the studied water
bodies ranged from 42 % to 36 %, with the highest rates observed in the lake on Sadova
Street (Sokilnyky) and the lowest in the Sand Lakes of Lviv. The presence of molluscs,
waterfowl, fish, and macrophytes in the water bodies creates conditions for trematode
circulation.

Keywords: trematode fauna, Lymnaea stagnalis, infestation extent, infestation
intensity, cercaria, parthenitae

INTRODUCTION

Molluscs are an important group of animals inhabiting various aquatic environ-
ments. Freshwater molluscs play a significant role in biocenotic relationships, contribu-
ting to water purification as biotic filters, and serving as indicator species for assessing
the degree of anthropogenic impact on biotopes. They are also typical obligate hosts for
the larval stages of trematodes.

Parasitic worms are another critical component of the biosphere. Despite their
small size, they constitute a significant portion of the biomass in ecosystems, thereby
contributing substantially to energy flows within these systems. Contrary to their often-
predicted negative effects, parasites can perform essential functions in ecosystems,
such as concentrating and removing pollutants from the environment (Selbach et al.,
2020). They can also serve as bioindicators for evaluating environmental conditions
and changes due to their complex life cycles and interactions within ecosystems
(Stadnychenko, 1998).

In Ukraine, a significant body of research has been dedicated to adult stages (mar-
itae) of trematodes, but studies on the larval stages of these helminths parasitizing
molluscs are far less common (Zhytova & Zhytov, 2016). Identifying the species com-
position of parthenitae and larval trematodes in Lymnaea stagnalis (Linnaeus, 1758)
reliably reflects the parasite diversity in the studied region. This is a practical method
for assessing sanitary-epidemiological situations, as the presence of schistosomatid
cercariae indicates the potential risk of human cercarial dermatitis. Human infections
by schistosomatid cercariae have been reported in many European countries, including
Ukraine (Stadnychenko, 2002). Such cases have been observed particularly in Lake
Svityaz and Lake Pisochne of the Shatsk National Nature Park, which are extensively
used for recreational purposes (Koltun et al., 2020).

Data obtained from studying L. stagnalis for trematode infections provide insight
into the level of biological hazards associated with aquatic bodies of various uses and
allow for the identification of existing foci of trematodiasis. This information can guide
timely measures to reduce their activity.

To understand the life cycles of trematodes, it is essential to study their distribu-
tion and the environmental factors affecting them, including their impact on the host
organisms. Therefore, identifying the species composition of trematodes in freshwater
molluscs across different biotopes is crucial for effectively regulating their abundance
and distribution.
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The great pond snail (L. stagnalis) is one of the most common representatives of
freshwater molluscs in Europe and is a good model object for malacological, parasito-
logical, hydrobiological, and ecological studies (Kuroda & Abe, 2020).

The aim of this work was to study the trematode fauna of L. stagnalis in some water
bodies of the city and suburbs of Lviv.

MATERIALS AND METHODS

The study of the trematode fauna of the great pond snail was conducted in five
water bodies in and around the city of Lviv from June to August 2022 (Fig. 1):

The Sand Lakes (49°49'23.9”N 23°59'55.4"E) — are two water bodies located near
Hordynskykh Street in the Frankivskyi district of Lviv. The total surface area of the lakes
is 1.8 hectares. The shoreline is overgrown with macrophytes.

Black Lake or Aviation Lake (49°48'29.2"N 23°57'15.0"E) is located in the village
of Sknyliv, Lviv District, of Lviv Region near Lviv Danylo Halytskyi International Airport.
The lake is fed by the Vodianyi stream. Parts of the lake are covered with aquatic plants.
Grazing of cattle and domestic waterfowl occurs in the vicinity of the lake.

The Lake on Sadova Street (49°46'46.6"N 23°57'49.7"E) is located south of the
ring road in the village of Sokilnyky, Pustomyty District, Lviv Region. Parts of the shore-
line are covered with plants. Domestic waterfowl and cattle are grazed near the lake.

The Pond on Krymska Street (49°49'18.7"N 24°02'56.0"E) is a water body in the
Stryiskyi Park area of the Halytskyi district of Lviv, in the locality of Snopkiv. Together with
two other water bodies, it forms part of the Snopkiv stream hydrosystem, which flows
into the Zalizna Voda stream. The pond is small and shallow, surrounded by deciduous
trees providing shade. Many macrophytes were observed along the shoreline.

The Lake in the Regional Landscape Park “Znesinnia” (49°50'54.0"N
24°03'07.8"E) is located in the Lychakivskyi district of Lviv, on a wooded hill of the Lviv
Plateau in an area known as Kaiserwald, in the western part of the park. The shoreline
is overgrown with aquatic plants.

A total of 250 specimens of L. stagnalis were studied from June to August 2022.

Molluscs were collected manually or with a dip net (15 cm in diameter) in shal-
low waters (0.5—-1 m deep) from the surfaces of aquatic plants, and from objects such
as stones and branches where they were found. The collected molluscs were placed
in polyethylene bags or plastic containers with lids and transported carefully to avoid
overheating. Mollusc density in the biotopes was determined using the transect method
with a unit area of 1 m2,

The species identification of molluscs was conducted according to standard
conchological methods (Gléer & Meier-Brook, 1998; Gural & Gural-Sverlova, 2024;
Jackiewicz, 1998).

To examine molluscs for trematode infections, two methods were applied: the
method of live diagnosis and the dissection method.

Trematode larvae are localized in the hepatopancreas of freshwater molluscs
(Nevidomska et al., 2007). Infected organs, primarily the hepatopancreas, show enlarge-
ment (Zhytova et al., 2021). The color of the hepatopancreas changes from the natural
dark brown to white with red-brown hues, depending on the intensity of infection and
the developmental stage of the larvae. At advanced stages of parasitism, the hepato-
pancreas becomes soft and granular. At low infection intensities or early developmental
stages, the hepatopancreas of infected molluscs does not differ in color or consistency
from that of healthy specimens.
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Fig. 1. Water bodies studied in the city of Lviv and its surroundings
Note: * — water bodies where L. stagnalis were collected for parasitological analysis

For parasitological studies, microscopes (PB-3320, Gemmy Industrial Corp. asso-
ciated with Cannic, Inc., U.S.A., Taiwan) were used. Vital stains, such as methylene
blue and neutral red, were applied.

Cercariae were identified based on morphological characteristics following estab-
lished methodologies (Faltynkova et al., 2007; Zhytova & Zhytov, 2016; Pantoja et al.,
2021; Zhytova, 2023).

Intensity and Prevalence of Infection. The intensity of infection is defined as the
total number of parthenitae per infected mollusc (Bush et al., 1997).

The prevalence of infection (PI) is a measure that reflects the proportion of infected
individuals in the sample, expressed as a percentage.

PI=".100 %,
N

where: Pl — prevalence of infection; n — number of hosts infected with parasites; N —
total number of hosts examined (sample size).

Statistical Analysis. Data analysis was conducted using STATISTICA 8.0 and
Excel software. Significant differences between absolute infection frequencies (binary
traits) were determined using the Chi-square (x?) test. In cases where the absolute
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frequency values among comparison groups were less than 10, the Yates-corrected
Chi-square test was applied. Results were considered statistically significant if the proba-
bility value (p) was less than 5 % (p <0.05).

Confidence intervals for relative frequencies were calculated using the formula:

P(1-P
Pxt- —( ) +L ,
N 2N
where: P — relative frequency of the event (e.g., infection or carrying a specific trema-
tode species), expressed as a decimal fraction; N — total number objects in the sample;

t — t-value (for calculating 95 % confidence intervals, approximated as 1.96); N ~ con-

tinuity correction to compensate for error when approximating the binomial distribution
with the normal distribution (Altman et al., 2000).

Results are presented as absolute frequencies or relative frequencies with + 95 %
confidence intervals.

RESULTS AND DISCUSSION

The study of L. stagnalis in the water bodies of Lviv and its surroundings revealed
14 species of trematodes belonging to 8 families.

All surveyed water bodies are located in Lviv and its suburbs, which experience
varying degrees of anthropogenic impact. These water bodies are often overgrown with
macrophytes and serve as favorable biotopes for the development of L. stagnalis. The
presence of molluscs, along with definitive hosts of trematodes — waterfowl, fish, and
amphibians — creates ideal conditions for the development and reproduction of these
parasites.

The Sand Lakes. In the L. stagnalis population (50 specimens), 7 trematode spe-
cies were identified: Paryphostomum radiatum (Dujardin, 1845), Notocotylus attenu-
atus (Rudolphi, 1809), Opisthioglyphe ranae (Frohlich, 1791), Haematoloechus similis
(Looss, 1899), Trichobilharzia ocellata (La Valette, 1855), Plagiorchis elegans (Rudolphi,
1802), and Diplostomum spathaceum (Rudolphi, 1819).

Black Lake (Aviation Lake). In the examined molluscs (50 specimens), larvae
of 10 trematode species were found: P. radiatum, Echinostoma revolutum (Fréhlich,
1802), N. attenuatus, O. ranae, H. similis, T. ocellata, Hypoderaeum conoideum (Bloch,
1782), Moliniella anceps (Molin, 1859), Echinoparyphium recurvatum (von Linstow,
1873), and P. elegans.

The Lake on Sadova Street. Cercariae and metacercariae of 8 trematode species
were detected in L. stagnalis (50 specimens): E. revolutum, N. attenuatus, O. ranae,
H. similis, H. conoideum, M. anceps, Echinoparyphium aconiatum (Dietz, 1909), and
Echinoparyphium cinctum (Rudolphi, 1802).

The Pond on Krymska Street. The parasitic fauna of L. stagnalis (50 speci-
mens) included larvae of 10 trematode species: P. radiatum, E. revolutum, N. attenu-
atus, O. ranae, T. ocellata, H. conoideum, M. anceps, P. elegans, Cotylurus cornutus
(Rudolphi, 1808), and D. spathaceum.

The Lake in the Regional Landscape Park “Znesinnia”. The trematode spe-
cies composition in L. stagnalis (50 specimens) consisted of 6 species: P. radiatum,
N. attenuatus, T. ocellata, E. aconiatum, E. recurvatum, and C. cornutus (see Table).
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Species Composition of Trematode Larvae in L. stagnalis

Lake on Pondon Lakein

Species I_Saakr; ?Iaakc: Sadova Krymska the park
Street  Street “Znesinnia”
Echinostoma revolutum (Fréhlich, 1802) - + + + -
Echinoparyphium cinctum (Rudolphi, 1802) - - + - -
Echinoparyphium recurvatum (von Linstow, 1873) - + = > +
Echinoparyphium aconiatum (Dietz, 1909) = - + 5 +
Moliniella anceps (Molin, 1859) - + + + -
Hypoderaeum conoideum (Bloch, 1782) = + + + -
Paryphostomum radiatum (Dujardin, 1845) + + - + +
Notocotylus attenuatus (Rudolphi, 1809) + + + + +
Plagiorchis elegans (Rudolphi, 1802) + + - + -
Opisthioglyphe ranae (Frohlich, 1791) + + + + -
Haematoloechus similis (Looss, 1899) + + + S =
Trichobilharzia ocellata (La Valette, 1855) + + = + +
Cotylurus cornutus (Rudolphi, 1808) - - - + +
Diplostomum spathaceum (Rudolphi, 1819) + - = + -

The analysis revealed that the common trematode species present in all the sur-
veyed water bodies was N. attenuatus. Most water bodies also contained P. radiatum,
O. ranae, and T. ocellata. Larvae of E. cinctum were found exclusively in molluscs from
the lake on Sadova Street. The richest trematode species composition was observed
in Black Lake and the pond on Krymska Street, with 10 species each. The lake in the
Znesinnia Park exhibited the lowest species richness (6 species), though it included
several species unique to one or two water bodies, such as E. recurvatum, E. aconia-
tum, and C. cornutus.

Thus, in L. stagnalis, we identified parthenitae and cercariae of 14 trematode spe-
cies belonging to 8 families (Fig. 2). The investigated specimens contained larvae of
digenean trematodes, including 7 species from the family Echinostomatidae (50.00 %):
E. revolutum, M. anceps, H. conoideum, P. radiatum, E. recurvatum, E. aconiatum, E. cinc-
tum. One species from the family Notocotylidae (7.14 %) — N. attenuatus; Plagiorchiidae
(7.14 %) — P. elegans; Telorchiidae (7.14 %) — O. ranae; Strigeidae (7.14 %) — C. cornu-
tus; Diplostomidae (7.14 %) — D. spathaceum; as well as Haematoloechidae (7.14 %)
and Schistosomatidae (7.14 %), represented by larvae of H. similis and T. ocellata,
respectively.

The highest occurrence frequency was recorded for N. attenuatus, found in 18 speci-
mens of L. stagnalis (17.8 %), and for T. ocellata, detected in 10 specimens (9.9 %). The
lowest occurrence frequency was observed for cercariae of E. cinctum, which infected
only one mollusc (1 %) (Fig. 3).
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Fig. 2. Proportional representation of families based on the number of identified species

Unidentified

Plagiorchis elegans
Echinoparyphium cinctum
Cotylurus cornutus
Diplostomum spathaceum
Echinoparyphium aconiatum
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Echinoparyphium recurvatum
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Fig. 3. Frequencies (and confidence interval ranges) of trematode parthenitae occurrence in the examined
L. stagnalis

Notes: *—p <0.05; **—p <0.01; ***—p <0.001 —significant compared to N. attenuatus; & — p <0.05 — significant
compared to T. ocellata; $ — p <0.05 — significant compared to P. radiatum and H. conoideum; # —
p <0.05 — significant compared to O. ranae

It is worth noting that the presence of T. ocellata in the studied water bodies may
pose a risk to humans, as it causes cercarial dermatitis. Additionally, N. attenuatus is
a pathogen responsible for a severe disease in waterfowl, notocotylidosis (Fig. 4).

Prevalence and Intensity of Infection. A comparison of the prevalence of infec-
tion (PI) in molluscs across the studied water bodies revealed that the maximum PI
was 42 % + 13.6 % (Lake on Sadova Street), while the minimum was 36 % £ 14.0 %
(the Sand Lakes). However, these differences were not statistically significant (Fig. 5).
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A

Fig. 4. A — Notocotylus attenuatus; B — Trichobilharzia ocellata (magnification: x280; photo by: A. Serbina)
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Fig. 5. Comparison of infection prevalence of L. stagnalis by trematode parthenitae and larvae, along with
their confidence intervals

Analyzing the average values of trematode sporocyst infection intensity in L. stag-
nalis across the studied water bodies, the highest infection level was observed in the
pond on Krymska Street. This can be attributed to the high density of mollusc popu-
lations, favorable environmental conditions, and the presence of definitive hosts that
facilitate parasite circulation. The lowest infection level was recorded in Black Lake,
which may indicate the presence of certain ecological or biological barriers limiting the
development of trematode hosts. In Znesinnia Lake and the Sand Lakes, the infection
intensity by parthenitae was relatively similar, suggesting comparable environmental
conditions in these water bodies.

A comparison of these findings with studies conducted by other Ukrainian researchers
(Zdun, 1962; Astakhova, 2002; Hural & Yavorski, 2004; Zhytova, 2011; Stadnychenko,
2014; Astakhova & Muzh, 2016; Zhytova, 2023) demonstrates similar patterns in trema-
tode distribution. The widespread occurrence of species from the family Echinostomatidae
in various Ukrainian water bodies, especially those with significant diversity of water-
fowl, aligns with our results. When compared to studies of trematodes in the Polissia
region, we find overlapping species, such as H. conoideum, O. ranae, and C. cornutus.
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This suggests that both regions share a similar composition of definitive hosts for these
trematodes. However, certain species, such as P. radiatum, N. attenuatus, and T. ocel-
lata, are more prevalent in the water bodies of Lviv and are less common in Polissia.

CONCLUSIONS

The species composition of trematodes in Lymnaea stagnalis from the studied
water bodies in Lviv and its surroundings comprises 14 species: Moliniella anceps,
Trichobilharzia ocellata, Haematoloechus similis, Opisthioglyphe ranae, Notocotylus
attenuatus, Paryphostomum radiatum, Hypoderaeum conoideum, Echinostoma revolu-
tum, Echinoparyphium recurvatum, Echinoparyphium aconiatum, Plagiorchis elegans,
Cotylurus cornutus, Diplostomum spathaceum, and Echinoparyphium cinctum. The
family Echinostomatidae exhibited the highest species richness, with 7 species.

In the surveyed water bodies, L. stagnalis was most frequently infected by par-
thenitae and cercariae of trematodes whose maritae parasitize birds. These include
M. anceps, T. ocellata, N. attenuatus, P. radiatum, H. conoideum, E. revolutum, E. recur-
vatum, E. aconiatum, C. cornutus, D. spathaceum, and E. cinctum. Larvae of trema-
todes whose definitive hosts are amphibians, fish, or mammals (H. similis, O. ranae,
P. elegans) were recorded much less frequently. The highest occurrence frequencies
were recorded for N. attenuatus (17.8 %) and T. ocellata (9.9 %). E. cinctum was found
in a single instance (1 %).

The prevalence of infection in the studied water bodies ranged from 42 % to 36 %.
Among all the water bodies examined, L. stagnalis from the lake on Sadova Street in
Sokilnyky village showed the highest infection prevalence, while those from the Sand
Lakes in Lviv exhibited the lowest prevalence.

The average intensity of trematode infection in L. stagnalis across all studied water
bodies indicates moderate to high levels of infection, likely due to favorable conditions
for trematode circulation.

In the analyzed molluscs, the human-pathogenic schistosome T. ocellata, which
causes cercarial dermatitis, was detected in all water bodies except the lake on Sadova
Street. Additionally, N. attenuatus, the causative agent of notocotylidosis in waterfowl,
was present in all studied water bodies.
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TPEMATOOWN LYMNAEA STAGNALIS (LINNAEUS, 1758) ¥ BOAOWMAX NIbBOBA
TA OO OKONULb (YKPAIHA)

Ipuna KonmyH, AHacmacis Cep6iHa, l2op Xamap

JIbsiecbKuli HaujoHanbHUU yHisepcumem iMeHi leaHa ®paHka
syn. lpywescbkoeo, 4, Jibeie 79005, YkpaiHa

O6rpyHTyBaHHA. Y nybnikauii BUCBITNEHO pe3ynbraTti AochigXeHb Tpemaro-
podayHn Lymnaea stagnalis (Linnaeus, 1758) y Bogonmax JlbBoBa Ta 1oro nepeg-
MicTa. BctaHoBneHo, Wwo L. stagnalis € BaXXnNMBUM KOMMOHEHTOM MiCLEBOIoO BMAOBOMO
BaraTcTBa Ta MOXe CnyryBaTUTWU iHOMKATOPOM CTaHy AOBKINASA. 3 MPakTUYHOI TOYKM
30py OOCHiIKEHHST 4aloTb 3MOry PEECTpyBaTU Ha AOCNIAXKEHIN Teputopii HebesneyHi
ANS NOAVHK | TBApyH BUAW TPEMaToA, BUSABNATM MOKanbHi ocepenkn TpeMaTonosis,
a TaKOoX 3[iNCHIOBATN EKOMOTiYHUIN MOHITOPUHT BOOHUX EKOCUCTEM.

Matepianu i metogu. [ocnigxeHHs TpematogodayHu L. stagnalis BUkoHyBanm
NpoTArom YepBHsl — cepnHA 2022 poky y m'stu Bogonmax JlbBoBa Ta MOr0 OKOMWLb,
3okpema, y [llickoBux o3sepax (m. JIbBiB), 03epi YopHomy (c. CkHuniB JlbBiBCbKOrO
panoHy), o3epi Ha Byn. Cagosin (c. CokinbHUKM [1yCTOMUTIBCLKOrO panioHy), CTaBy Ha
Byn. Kpumcekin (m. JlbBiB) Ta 03epi napky “3HeciHHsa” (M. JlbBiB). 36upanu momncku
Bpy4Hy abo 3a gonomorot cadvka. 3a nepiog AocnimkeHHs obctexxeHo 250 eksemnns-
piB L. stagnalis. BurotoBneHo 750 TumyacoBux npenapaTiB NnapTeHiT ANA BU3HAYEHHS
IXHBOI BMOOBOI NPUHANEXHOCTI. BuaHayeHHs iHTEHCMBHOCTI iHBa3ii 3a4ivicHioBany nig
Yyac refnlbMiHTONOrNYHOro PO3TMHY MOMtOCKiB. CTaTUCTUYHMIA aHani3 gaHUX NPOBOAMMAN
3a gonomoroto nporpam Statistica 8.0 Ta Excel.

Pesynstatn. Y MicTi n nepegmicti JIlbBoBa gocnigxyBanu TpemartogodayHy
L. stagnalis y Bogovmax, LLIO YaCTKOBO 3a3HalOTb aHTPOMOreHHOro BnnuBey, baraTi Ha
MakpodiT! Ta € CNPUATAMBUMW OIS PO3BUTKY MOMIOCKIB. Y iCkOBMX 03epax BUABUNN
nnunHku 10 BuaiB Tpemarog, 10 Buais y HopHomy o03epi, 8 —y o3epi Ha Byn. Cagosin, 10 —
y cTaBKy Ha Byn. Kpumcbkin Ta 6 Bugis y napky “3HeciHHs”. Tlig yac aHanidy cnocrepi-
ranun gureHen i3 8 poauH: Echinostomatidae, Notocotylidae, Plagiorchiidae, Strigeidae,
Diplostomidae, Haematoloechidae, Shistosomatidae, Telorchiidae.

BucHoBku. Bugosun cknapg tpemartogodayHu L. stagnalis y Bogommax micta
JIbBOBa i 1ioro okonuub Hanivye 14 Buais. Hanbinbwmm BuaoBmum GaraTtCTBOM Xapak-
TepusyBanacsa poguHa Echinostomatidae. Hanbinbwy yactoty TpannsHHA BUSBUMM
y Notocotylus attenuatus (Rudolphi, 1809) i Trichobilharzia ocellata (La Valette, 1855).
EkcTeHcuBHICTb iHBa3iT L. stagnalis y nocnigpxeHnx Bogormax konveanacs Big 42 % oo
36 %, 3 HaMBMLWMMK NOKa3HMKaMu B 03epi Ha Byn. Cagosin (c. COKINbHUKM) Ta HANHWX-
ynmn y lNickoBnx o3epax M. JlbBoBa. HasBHiICTb MOMIOCKIB, BOAOMMaBHMX nTaxie, pub
i Makpo@iTiB y BOOOVMAax CTBOPIOE YMOBM A1 LMPKYNsUii TpemaTtog.

Knroyoesi cnioga: TpematogodayHa, Lymnaea stagnalis, EKCTEHCUBHICTb YPaXKEHHS,
iIHTEHCMBHICTb ypaXKeHHS, LiepKapisi, NapTeHiTu
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