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Abstract The fauna of eviphidoid mites was investigated during 2018–2019 in Damavand County, Tehran 
Province. Soil samples were collected randomly from different sites and the edaphic mites 
were extracted using Berlese-Tullgren funnels. The specimens were observed under a phase-
contrast microscope. Twenty species belong to 14 genera, and four families (Eviphididae, 
Macrochelidae, Pachylaelapidae, and Parholaspididae) were identified. All species are recorded 
for the first time from Damavand County and six species are new for mite fauna of Tehran 
Province. 

Roztocza z nadrodziny Eviphidoidea (Acari: Mesostigmata) z hrabstwa Damavand 
z sześcioma nowymi rekordami fauny prowincji Teheran w Iranie

Słowa kluczowe samica, ściółka, morfologia, Parasitiformes, drapieżne roztocza, roztocza glebowe

Streszczenie Faunę roztoczy z rodziny Eviphidoidea badano w latach 2018–2019 w hrabstwie Damavand 
w prowincji Teheran. Próbki gleby pobrano losowo z różnych miejsc, a roztocza edaficzne 
wyekstrahowano za pomocą lejków Berlese-Tullgren’a. Próbki oznaczano pod mikroskopem 
z kontrastem fazowym. Dwadzieścia gatunków należy do 14 rodzajów i czterech rodzin 
(Eviphididae, Macrochelidae, Pachylaelapidae i Parholaspididae). Wszystkie gatunki zostały 
po raz pierwszy zarejestrowane w hrabstwie Damavand, a sześć gatunków jest nowych dla 
fauny roztoczy w prowincji Teheran.

#0#
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Introduction 

The superfamily Eviphidoidea belongs to the Gmasina cohort in the Monoginaspida suborder. 
It includes four families Eviphididae, Macrochelidae, Pachylaelapidae, and Parholaspididae 
(Walter, Proctor, 1999; Lindquist, Krantz, Walter, 2009). They are mainly humus and litter dwell-
ing mites, although many of them have adapted to living in unstable environments such as dung 
and carrion and have developed phoretic relationships with some arthropods such as scarabaeid 
beetles and dipteran fly to disperse when unstable environments decay. Of course, phoresy has 
not been reported in the species of the family Parholaspididae (Krantz, 1965, 1978). 

Mites of the family Macrochelidae are cosmopolitan and approximately include 480 identi-
fied species belonging to 21 genera (Emberson, 2010; Krantz, 2018). The family Pachylaelapidae 
is classified into three subfamilies, namely Pachyseiinae Karg, 1971, Pachyseiulinae Mašán, 2007 
and Pachylaelapinae Berlese, 1913 (Mašán, 2007). In total, about 253 species and 16 genera 
of this family are recorded in the world (Mašán, Halliday, 2014). There are about 130 species 
and 19 genera of predatory mites of the family Eviphididae (Kazemi, Rajaei, 2013). This family 
is a cosmopolitan group of predatory mites that display a wide range of ecology and behaviour. 
Phoresy on flying insects is an important part of the life history approach of these mites (Mašán, 
Halliday, 2010). 

The Iranian known eviphidoid fauna contains almost 88 species belong to 32 genera, 
including Eviphididae (15 species and 12 genera), Macrochelidae (35 species and 9 genera), 
Pachylaelapidae (30 species belong to 5 genera), and Parholaspididae (almost 8 species belong 
to 6 genera). The eviphidoid fauna of Tehran Province contains 29 species belong to 13 genera 
(Kazemi, Rajaei, 2013; Nemati, Riahi, Khalili-Moghadam, Gwiazdowicz, 2018; Mašán, Mojahed, 
Hajizadeh, Hosseini, Ahadiyat, 2018; Moghimi, Ahadiyat, Kiadaliri, Karaca, 2019; Mojahed, 
Hajizadeh, Hosseini, Ahadiyat, 2019; Valizadeh, Ahadiyat, Bagheri, Joharchi, 2019; Ahadiyat, 
Ghasemi-Moghadam, Kermani, Joharchi, 2020; Hajizadeh, Hosseini, 2020). The aim of this study 
was to determine eviphidoid mites in soil and leaf-litter in Damavan County, Tehran Province, 
Iran

Material and methods

Damavand is a county in Tehran Province, Iran (Figure 1). It has relatively cool weather year-round. 
It is located at a height of 2,300 meters above sea level and its area is 1,932 square kilometers.

Nineteen sites were sampled (Table 1) during 2018–2019. Mites were extracted from soil 
detritus and leaf litter using Berlese-Tullgren funnels for 48–72 hours and separated under a ster-
eomicroscope. After clearing in Nesbitt’s fluid, all specimens were mounted in Faure’s medium 
on permanent microscope slides. Morphological observations were made using a BX51 phase-
contrast Olympus microscope equipped with a digital camera. All materials were collected by the 
first author and deposited in the Jalal Afshar Zoological Museum (JAZM), Faculty of Agriculture, 
University of Tehran, Iran.
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Table 1. Sampling sites and collected mites in Damavand County in 2018 and 2019

Site Geographic 
coordinate

Height
(m a.s.l.) Date Species Life stage Habitat

1 2 3 4 5 6 7

Jilard 52°01′00″E
35°40′36″N 1898 5.29.2019

Macrocheles glaber  
(J. Müller, 1860) (Fig. 2E) 9 ♀, 3 ♂

Humus 
soil, leaf 

litter

Macrholaspis recki  
(Bregetova, Koroleva, 1960) 

(Fig. 3A) 
47 ♀, 7 ♂

Macrocheles muscaedomesticae  
(Scopoli, 1772) 9 ♀

Macrocheles penicilliger 
(Berlese,1904) 11 ♀

Pachylaelaps vicarius Mašán, 
2007 (Fig. 4E) 9 ♀

Olopachys compositus 
(Koroleva, 1976) (Fig. 3E) 5 ♀

Onchodellus karawaiewi 
(Berlese, 1920) 3 ♀

Alliphis halleri  
(G. & R. Canestrini, 1881)  

(Fig. 2A) 
28 ♀, 2 ♂

Evimirus uropodinus  
(Berlese, 1903) (Fig. 2B) 44 ♀, 18 ♂

Guilavand 52°02′38″E
35°40′54″N 1846 9.13.2018

Macrocheles penicilliger 
(Berlese, 1904) 22 ♀, 8 ♂

Humus 
soilOnchodellus karawaiewi 

(Berlese, 1920) 6 ♀

Guilavand 52°02′43″E
35°41′39″N 1915 11.2.2018

Macrholaspis recki (Bregetova, 
Koroleva, 1960) 58 ♀, 14 ♂

Humus 
soil, leaf 

litter, 
manure

Macrocheles penicilliger 
(Berlese,1904) 8 ♀

Nothrholaspis saboorii
(Babaeian, Joharchi, 2014)  

(Fig. 2F) 
3 ♀

Longicheles hortorum  
(Berlese, 1904) (Fig. 2D) 12 ♀

Pachylaelaps pectinifer  
(G. & R. Canestrini, 1881) 

(Fig. 4C) 
4 ♀

Pachylaelaps vicarius  
(Mašán, 2007) 9 ♀

Olopachys compositus 
(Koroleva, 1976) 6 ♀

Onchodellus karawaiewi 
(Berlese, 1920) 98 ♀

Onchodellus strigifer  
(Berlese, 1892) 2 ♀

Alliphis halleri  
(G. & R. Canestrini, 1881) 12 ♀, 2 ♂
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1 2 3 4 5 6 7

Veliran 52°03′25″E
35°42′13″N 1921 11.2.2018 Macrocheles glaber  

(J. Müller, 1860) 17 ♀, 6 ♂ Humus 
soil

Damavand 52°03′46″E
35,42′31″N 2010 8.28.2018

Macrocheles glaber  
(J. Müller, 1860) 11 ♀, 1 ♂

Soil
Pachylaelaps pectinifer  

(G. & R. Canestrini, 1881) 22 ♀

Damavand 52°03′49″E
35°42′36″N 1956 5.29.2019

Longicheles hortorum  
(Berlese, 1904) 3 ♀

Soil
Reductholaspis analis  

(Hyatt & Emberson, 1988) 1 ♀

Cheshmeh 
Ala

52°03′23″E
35°44′46″N 2148 9.11.2019

Longicheles hortorum  
(Berlese, 1904) 1 ♀

Garden 
soil

Pachylaelaps pectinifer  
(G. & R. Canestrini, 1881) 2 ♀

Pachylaelaps vicarius  
(Mašán, 2007) 2 ♀

Ureh 52°03′53″E
35°44′30″N 2040 9.11.2019

Macrocheles glaber  
(J. Müller, 1860) 3 ♀

Soil, leaf 
litter

Pachylaelaps pectinifer  
(G. & R. Canestrini, 1881) 1 ♀

Pachylaelaps vicarius  
(Mašán, 2007) 3 ♀

Pachylaelaps grandis 
(Koroleva, 1977) 1 ♀

Damavand 52°04′40″E
35°42′54″N 1930 10.12.2018 Pachylaelaps pectinifer  

(G. & R. Canestrini, 1881) 1 ♀ Soil

Damavand 52°04′50″E
35°42′57″N 1926 10.12.2018

Macrocheles penicilliger 
(Berlese,1904) 8 ♀

Humus 
soil, leaf 

litter, 
manure

Pachylaelaps pectinifer  
(G. & R. Canestrini, 1881) 1 ♀

Holaspina alstoni  
(Evans, 1956) (Fig. 3C) 11 ♀

Damavand 52°04′60″E
35°43′24″N 1954 8.22.2019

Macrocheles glaber  
(J. Müller, 1860) 27 ♀, 16 ♂

Humus 
soil, 

manure

Macrholaspis recki  
(Bregetova et Koroleva, 1960) 48 ♀, 4 ♂

Macrocheles muscaedomesticae 
(Scopoli, 1772) 5 ♀

Macrocheles penicilliger 
(Berlese, 1904) 6 ♀, 4 ♂

Longicheles hortorum  
(Berlese, 1904) 1 ♀

Pachylaelaps pectinifer  
(G. & R. Canestrini, 1881) 22 ♀

Olopachys compositus 
(Koroleva, 1976) 3 ♀

Evimirus uropodinus  
(Berlese, 1903) 1 ♀
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1 2 3 4 5 6 7

Damavand 52°04′80″E
35°43′19″N 1912 10.12.2018

Macrocheles muscaedomesticae 
(Scopoli,1772) 1 ♀

leaf litter, 
manure

Macrocheles penicilliger 
(Berlese,1904) 15 ♀, 8 ♂

Pachylaelaps vicarius  
(Mašán, 2007) 1 ♀

Olopachys compositus 
(Koroleva, 1976) 23 ♀

Olopachys hallidayi  
(Özbek, 2014) (Fig. 4A) 1 ♀

Holaspina alstoni (Evans, 1956) 75 ♀, 12 ♂
Gamasholaspis incisus 

(Petrova, 1968) (Fig. 3B) 1 ♀

Atabak 52°0621″E
35°38′52″N 1953 10.12.2018 Longicheles hortorum  

(Berlese, 1904) 3 ♀ Leaf 
litter

Atabak 52°06′35″E
35°38′12″N 1930 10.12.2018 Onchodellus strigifer  

(Berlese, 1892) 3 ♀ soil

Absard 52°07′50″E
35°37′52″N 1917 10.12.2018

Macrocheles glaber  
(J. Müller, 1860) 3 ♀, 1 ♂

Soil, leaf 
litter

Glyptholaspis confusa  
(Foa, 1900) 1 ♀

Onchodellus karawaiewi 
(Berlese, 1920) 4 ♀

Jaban 52°13′59″E
35°37′60″N 2226 10.12.2018

Macrocheles penicilliger 
(Berlese,1904) 20 ♀ Apple 

garden 
soilOlopachys compositus 

(Koroleva, 1976) 15 ♀

Jaban 52°15′10″E
35°38′32″N 2206 8.1.2019

Macrocheles glaber  
(J. Müller, 1860) 43 ♀, 16 ♂

Garden 
soil

Pachylaelaps pectinifer  
(G. & R. Canestrini, 1881) 1 ♀

Olopachys compositus 
(Koroleva, 1976) 3 ♀

Alliphis halleri  
(G. & R. Canestrini, 1881) 2 ♀

Sorkheh 
Deh

52°16′23″E
35°37′70″N 2052 5.3.2019

Macrholaspis recki  
(Bregetova & Koroleva, 1960) 15 ♀

Farm 
soil, ant 

nest

Alliphis halleri  
(G. & R. Canestrini, 1881) 1 ♀

Scarabaspis inexpectatus 
(Oudemans, 1903) (Fig. 2C) 3 ♂
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1 2 3 4 5 6 7

Garmabsard 52°21′70″E
35°28′32″N 2170 8.22.2019

Macrocheles glaber  
(J. Müller, 1860) 28 ♀, 1 ♂

Soil, leaf 
litter

Macrholaspis recki  
(Bregetova & Koroleva, 1960) 9 ♀

Macrocheles penicilliger 
(Berlese,1904) 5 ♀

Longicheles hortorum  
(Berlese, 1904) (Fig. 2) 6 ♀

Reductholaspis analis  
(Hyatt & Emberson, 1988) 1 ♀

Seyyedabad 52°22′30″E
35°38′35″N 2222 5.3.2019 Onchodellus karawaiewi 

(Berlese, 1920) 3 ♀ soil

Notes

A total of 4,970 specimens belong to 20 species, 14 genera, and four families were identified, 
of which five genera belong to Macrochelidae, three genera belong to Pachylaelapidae, three 
genera belong to Eviphididae and two genera belong to Parholaspididae (Table 1). All species are 
recorded for the first time from Damavand County. Macrholaspis recki (Bregetova, Koroleva, 
1960), Nothrholaspis saboorii (Babaeian, Joharchi, 2014), Reductholaspis analis (Hyatt, 
Emberson, 1988), Olopachys hallidayi (Özbek, 2014), Scarabaspis inexpectatus (Oudemans, 
1903), Gamasholaspis incisus (Petrova, 1968) are new records for mite fauna of Tehran Province, 
which are marked with one asterisk in Table 1.
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Figure 2. Habitus: A. Alliphis halleri. B. Evimirus uropodinus. C. Scarabaspis inexpectatus. D. Longicheles 
hortorum. E. Macrocheles glaber. F. Nothrholaspis saboorii (All in ventral view except for Scarabaspis 
inexpectatus which is shown from dorsal view)
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Figure 3. A. Olopachys hallidayi. B. sperm induction structures of O. hallidayi. C. Pachylaelaps pectinifer. 
D. Sperm induction structures of P. pectinifer. E. Pachylaelaps vicarious. F. Sperm induction structures of 
P. vicarious (All in ventral view)
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The first records of Chrysopa walkeri (McLachlan, 1893)  
and Euroleon nostras (Geoffroy in Fourcroy, 1785)  
(Insecta: Neuroptera) from Belarus
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Keywords Neuroptera, Chrysopa walkeri, Euroleon nostras, new records, SE Belarus

Abstract The first records of Chrysopa walkeri (McLachlan, 1893) and Euroleon nostras (Geoffroy in 
Fourcroy, 1785) from the fauna of Belarus are provided. Brief information on distribution and 
ecology of these species is given.

Pierwsze stwierdzenie Chrysopa walkeri (McLachlan, 1893) i Euroleon nostras  
(Geoffroy in Fourcroy, 1785) (Owady: Neuroptera) z Białorusi

Słowa kluczowe Neuroptera, Chrysopa walkeri, Euroleon nostras, nowe stwierdzenie, SE Białoruś

Streszczenie Artykuł zawiera doniesienie dotyczące pierwszego stwierdzenia Chrysopa walkeri (McLachlan, 
1893) i Euroleon nostras (Geoffroy in Fourcroy, 1785) z Białorusi. Ponadto opisano biologię 
i rozmieszczenie powyższych gatunków.

Introduction

One of the priorities of modern biology is studying and preserving biodiversity (Koptyug, 1993; 
Mordkovich, 2005; Pavlov, 2011). The net-winged insect order (Neuroptera) is of special inter-
est. Studying insects of this group is relevant due to the insufficient ecological and faunistic 
data on these insects in a range of regions around the world and their economic importance as 
entomophages of major pests of agriculture (generally including aphids, mealybugs, and herbivo-
rous mites). Some species of net-winged insects are quite rarely found or are unique specimens 
of their families, which can be the basis for including them into Red Books at different levels 
(Kaverzina, 2011). The fauna currently includes approximately 6,000 species of the net-winged 
insects ascertained to 18 families in 3 suborders (Kral, Devetak, 2016). Various literature sources 
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provide data on 15 to 20 species found in Belarus (Borodin, 2013; Burko, Lopatin, 2001). New 
species are regularly added to the list classifying their periodical occurrence (Ostrovsky, 2016, 
2017, 2020, 2021). Thus, we registered the Chrysopa walkeri (McLachlan, 1893) and Euroleon 
nostras (Geoffroy in Fourcroy, 1785) in Belarus territory that was the result of our continuous 
research.

Material and methods

Two new species found in Belarus were identified by analyzing the materials from field sur-
veys carried out by the author. The species are assigned to the suborders Hemerobiiformia and 
Myrmeleontiformia of the net-winged insect order Neuroptera. The examined specimens are 
housed at the author’s collection.

Results and discussion

Order Neuroptera Linnaeus, 1758
Suborder Hemerobiiformia Latreille, 1803
Family Chrysopidae Schneider, 1851
Chrysopa walkeri (McLachlan, 1893) 

Material examined. 1♂, Republic of Belarus, Gomel area, Gomel district, W of the Rudnya 
Marimonova village, pine forest on the sands, 52°09′30″N 30°42′19″E, 121 a.s.l., 10.07.2021.

Distribution. West-Palaearctic species. Distributed to the east to the Baikal region and 
Kyrgyzstan. Recorded from the following countries: Belarus (new record); Austria, Bulgaria, 
Croatia, Czech Republic, Finland, France, Germany, Hungary, Italy, Moldova, Montenegro, 
Romania, Russia, Serbia, Slovakia, Slovenia, Switzerland, Ukraine (Aspöck, Aspöck, Hölzel, 
1980; Seredyuk, 2015). Also known from the Asian part of Turkey, Caucasus, Armenia, Lebanon, 
Kazakhstan, Kyrgyzstan, Uzbekistan (Makarkin, Shchurov, 2011; Daminova, 2015).

Remarks. It lives in the herbaceous layer in loose bush stands, forest clearings or cleared 
forests in heat-favored locations (Aspöck et al., 1980). Like the closely related species, C. perla 
(Linnaeus, 1758), which is widespread in Belarus, C. walkeri is diurnal, which is extremely 
rare in green lacewings (Duelli, 1986). C. walkeri therefore rarely comes to light at night and is 
accordingly rare in light traps even where the species is more common. Imago and larvae are 
predators (Duelli, Monnerat, Koch, 2016).
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Figure 1. Chrysopa walkeri: A – general view, B – front view of the head and thorax, С – side view of the 
distal part of the male abdomen
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Suborder Myrmeleontiformia Latreille, 1802
Family Myrmeleontidae Latreille, 1802
Euroleon nostras (Geoffroy in Fourcroy, 1785)

A

       
B                                                                                    C

      
D                                                                                  E

Figure 2. Euroleon nostras: A – general view, B – front view of the head, С – side view of the distal part of 
the male abdomen, D – axillary plates of the male, E – cocoon
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Material examined. During a fieldwork carried out in Loev district Gomel area a third 
instar of ant-lion living in sheltered habitat was collected in the Karpovka village (52°01′05″N 
30°54′10″E) at 115 m a.s.l., on 12.06.2021. The microhabitat of the larva was protected from direct 
sunshine and wind under turfs overhangs, in a pine forest. The larva was put into a glass container 
which was previously filled with loose soil from their natural habitat and the larva was fed with 
ants. It always moved only backwards while building its pitfall. The larva was kept at 27–30ºC 
with 60% RH and the photoperiod of 16L/8D. During pupation the larva spun spherical shaped 
cocoon, 1 cm in diameter, incorporated a dense coating of soil particles into external surface. 
The pupation took place within 1 month. During emergence the soft-bodied imago (♂) left the 
cocoon through a circular cup-like aperture but the exuvium remained at the bottom of the cocoon 
then it dragged itself up to the surface. This happened on 20.07.2021.

Distribution. West-Palaearctic species. Widespread species in most of Europe, recorded 
from the following countries: Belarus (new record); Albania, Austria, Bulgaria, Czech Republic, 
France, Germany, Hungary, Italy, Latvia, Lithuania, Moldova, Poland, Romania, Russia, Slovakia, 
Spain, Sweden, Switzerland, Turkey, Ukraine. In Asia, it is recorded from Armenia, Georgia and 
Azerbaijan, known also from Morocco in Africa (Jedlička, Ševčík, Vidlička, 2004; Canbulat, 
2007; Krivokhatsky, 2011). Much more common in southern and central Europe than in the 
north. In Russia, it is found mainly in steppe lowland and mid-mountain areas in the south of the 
European part and the North Caucasus (Makarkin, Shchurov, 2010). It also penetrates through 
sands into more northern, forested regions (Krivokhatsky, 2011).

Remarks. E. nostras is widespread in all over the European countries therefore it is the well 
studied species from biological point of view (Gepp, Hölzel, 1989; Yasseri, Parzefall, 1996; Devetak, 
2005; Canbulat, 2007; Krivokhatsky, 2011). It is polycentric Mediterranean-extramediterranean 
faunal element (Aspöck, Hölzel, Aspöck, 2001). The pits are built in sheltered conditions wherever 
a suitable loose substratum is present, thus the larvae are normally found under rock overhangs, 
near escarpments, at the entrance of caves and at the base of trees. Generally E. nostras prefers 
woody environments and in open sites, such as river banks and dunes, it is found in protected 
conditions. The requirement for sheltered corners predisposes this antlion to live in proximity 
of artificial structures such as buildings, rock walls and bridges (Badano, Pantaleoni, 2014). 
In Spain larvae of this species were found under bushes of Juniperus oxycedrus (Diaz-Aranda, 
Monserrat, 1988). In Central Europe it is known as the most common species found along the edge 
of houses living in rural areas (Gepp, Hölzel, 1989). Ábrahám (1998) even hatched its parasite, 
Micomitra stupida (Diptera, Bombyliidae) from cocoon of this species in Hungary. Interestingly 
the larvae of E. nostras are often found in unreachable corners for themselves such as tree holes, 
probably representing oviposition sites of females (Badano, Pantaleoni, 2014). Adults are found 
from June to September, during the day rest on vegetation, active at night and fly into the light. 
Development lasts for one year, the larva of the third instar overwinters (Krivokhatsky, 2011).

Conclusions

Two species ascertained to two families of net-winged insects are recorded for the first time to 
fauna of Belarus. The data are of great importance, since they extend our understanding of the 
current distribution of Chrysopa walkeri and Euroleon nostras in Eastern Europe. Further 
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research surveys are required in order to find out new habitats of the species in Belarus. It can 
generally provide the probability to justify the subsequent inclusion of these species in the Red 
Book of the Republic of Belarus.
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Abstract The aim of this contribution is to present some ciliate reports from Amsterdam, the Netherlands. 
They are: Acineta nitocrae Dovgal, 1984, Metacineta micraster (Penard, 1914), Opercularia 
sp., Campanella sp., Platycola decumbens Ehrenberg, 1830, Thuricola folliculata Kent, 1881, 
and Stentor sp. The systematic position of the several finds of these species are given along 
with the related information in the study. To the best of our knowledge, this is the first time 
that A. nitocrae has been reported in Northern European freshwaters, which is the third region 
after Ukraine and Canada where the species was found. 

Nowe doniesienia o orzęskach z Amsterdamu w Holandii

Słowa kluczowe orzęski bezszypułkowe, Holandia, rozmieszczenie

Streszczenie Celem pracy jest doniesienie dotyczące stwierdzenia orzęsków z Amsterdamu w Holandii. 
Są to: Acineta nitocrae Dovgal, 1984, Metacineta micraster (Penard, 1914), Opercularia sp., 
Campanella sp., Platycola decumbens Ehrenberg, 1830, Thuricola folliculata Kent, 1881 
i Stentor sp. Podano pozycję systematyczną wybranych gatunków. Według naszej najlepszej 
wiedzy jest to pierwszy przypadek występowania A. nitocrae w słodkowodnych wodach 
Europy Północnej, które są trzecim regionem po Ukrainie i Kanadzie, gdzie ten gatunek został 
znaleziony.

Introduction

Sessile ciliates (Suctorea, Peritrichia, Chonotrichia) are common both in marine and fresh waters. 
There are some host specific epibiont species whereas many other are not substrate specific and 
can be found on either living or non-living substrates. 
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There are several regional investigations containing data on species compositions of sessile 
ciliates (Stiller, 1971; Sieber, 1988; Alardo-Lubel, Mayén-Estrada, Reyes-Santos, 2006; Dovgal, 
2013, Konstantynenko, 2014, etc.). However, such investigations of the Netherlands ciliates have 
not been reported much. 

Hence, the works of Oppenheim (1957; 1976) on suctorian ciliates from river Amstel, 
investigations of sessile ciliates from amphipod crustacean, collected in Dutch coastal waters 
(Wijnhoven, Zwiep, Hummel, 2018) and paper about epiphytic ciliates of Roos and Trueba (1977) 
should be mentioned.

The present paper is due to recent finds of several species of sessile ciliates from Amsterdam. 
Seven ciliate species were found among them Acineta nitocrae Dovgal 1984 is commensal of har-
pacticoid copepods, whereas Metacineta micraster (Penard, 1914), Opercularia sp., Campanella 
sp., Thuricola folliculata Kent, 1881 and Platycola decumbens Ehrenberg, 1830 were observed as 
epiphytic on filamentous algae and Stentor sp. was temporary attached to the detritus.

Material and Methods

Ciliate samples containing also copepods and benthic algae were collected by using pasteur pipettes 
of various mouth diameters and pincets at three localities from Amsterdam (The Netherlands-coll. 
C. Yalcin). St. 1 (52°21′25.9″N 5°00′04.8″E), St. 2 (52°22′30.2″N 4°59′02.2″E); St. 3 (52°21′21.0″N 
4°58′06.4″E) (Figure 1). Samples were observed as alive and recorded under a compound light 
microscope (Euromex Oxion) by the first author (CY). Images of specimens were taken, analyzed 
and measured using a Euromex CMEX-5 Pro camera and its Image Focus Alpha imaging soft-
ware. In addition to that, ciliate videos are shared on the first author’s YouTube channel (https://
www.youtube.com/channel/UCd-ZmKdJG3ajNmy3WOFmXhQ/videos).

The systematic position of found suctorian ciliates follows Dovgal (2002, 2013) and Lynn 
(2008) for peritrichs and heterotrichs ciliates.

Figure 1. Map of the study area
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Results and Discussion

Class SUCTOREA Claparède et Lachmann, 1859
Subclass ENDOGENIA Collin, 1912
Order ACINETIDA Raabe, 1964
Family ACINETIDAE Ehrenberg, 1838
Genus Acineta Ehrenberg, 1834
Acineta nitocrae Dovgal, 1984

 

Figure 2. Acineta nitocrae (A), Metacineta micraster (B), Opercularia sp. (C), Campanella sp. (D), Thuricola 
folliculata (E), Platycola decumbens (F), Stentor sp. (G) (Scale bars: 50 µm)
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Material examined. Fourteen individuals of A. nitocrae were observed on furca of harpac-
ticoid copepod Nitocra sp. collected from St. 1 (20 XII 2020).

Measurements. Lorica length 67–75 µm (n = 4); lorica width 17–25 µm, length of the tenta-
cles 12–56 µm, macronucleus diameter 20–22 µm. 

Distribution. Acineta nitocrae described by Dovgal (1984) from flood-land lake near Dnieper 
River (Ukraine-Kiev) as epibiont on furca of Nitocra hibernica. There upon was found in numer-
ous localities in Ukraine on N. hibernica, N. incerta, N. lacustris, Nitocra sp. and Canthocamptus 
staphylinus (Dovgal, 2013; Rybka, Yuryshynets, 2018), also reported from Canada (Lake Saint 
Clair and Detroit River) as an epibiont from the N. hibernica (Grigorovich, Dovgal, MacIsaac, 
Monchenko, 2001).

Subclass EXOGENIA Collin, 1912
Order METACINETIDAE Jankowski, 1978
Family METACINETIDAE Bütschli, 1889
Genus Metacineta Bütschli, 1889

Metacineta micraster (Penard, 1914) (Figure 2B)
Material examined. Only one ciliate observed on Oedogonium from St. 2 (13 VII 2020).
Measurements. Lorica length 40 µm.
Distribution. The species distributed world widely. It was described by Penard (1914) from 

the Swiss Alps from mosses over growing old stone walls. Then it was repeatedly noted in fresh-
waters of Europe, America and Asia (Dovgal, 2013). 

Class OLIGOHYMENOPHOREA de Puytorac et al. 1974
Subclass PERITRICHIA Stein, 1859
Order SESSILIDA Kahl, 1933
Family OPERCULARIIDAE Fauré-Fremiet in Corliss, 1979
Genus Opercularia Goldfuss, 1820

Opercularia sp. (Figure 2C)
Material examined. Two specimens observed on filamentous algae collected from St. 1 

(5 VII 2020). Found ciliates are most relative to Opercularia stenostoma Stein, 1854. 
Measurements. Lorica lengths are 100 µm. 
Distribution. The representatives of genus Opercularia sp. are common in fresh waters. 

Hence, O. stenostoma was first time reported from Niemegk (Germany) by Stein (1854). 
Later, it was reported near Brussels, Belgium (Kent, 1881), from Ukraine (Gassowski, 1960, 
Konstantynenko, 2014) and, Mexico (Mayén-Estrada et al., 2020).

Family EPISTYLIDAE Kahl, 1933
Genus Campanella Goldfuss, 1820

Campanella sp. (Figure 2D)
Material examined. Four specimens observed on filamentous algae from St. 2 (8 VI 2020). 
Measurements. Lorica length 145 µm.
Distribution. Representatives of the genus Campanella can commonly found in freshwaters. 

Thous, the type speces of genus Campanella umbellaria (Linnaeus, 1758) have found from Ukraine 
(Gassowski, 1960; Konstantynenko, 2014), from Poland (Babko, Fyda, Kuzmina, Hutorowicz, 
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2010) and China (Shi, Warren, Yu, Shen, 2004). It also found among Phragmites australis in 
shallow freshwater lake near Amsterdam (Roos, Trueba, 1977). 

Family VAGINICOLIDAE de Fromentel, 1874
Genus Thuricola Kent, 1881

Thuricola folliculata Kent, 1881 (Figure 2E)
Material examined. Only one species observed on filamentous algae from St. 2 (13 VII 

2020). 
Measurements. Lorica length is 140 µm. Stalk length is less than 10 µm. 
Distribution. Widely distributed species, firstly described (Kent, 1881) in ponds near London 

and Stourbridge (United Kingdom), it also reported from Ukraine (Konstantynenko, 2014), Poland 
(Babko et al., 2010), Mexico (Mayén-Estrada et al., 2020), and the Hangzhou Bay, Ningbo, China 
(Lu et al., 2018).

Remarks. The species was described by Kent (1881), which believed that T. folliculata is 
identical with the Vorticella folliculata Müller, 1786. However, Trueba (1980) and Lu et al. (2018) 
have evidence that the species of Müller and Kent are different and stated the authority of Kent 
for representative of genus Thuricola. 

Genus Platycola Kent, 1882

Platycola decumbens Ehrenberg, 1830 (Figure 2F)
Material examined. Two zooids in the same lorica observed on Oedogonium from St. 3 

(26 IV 2020).
Measurements. Lorica length is 113 µm.
Distribution. Freshwater species, widely distributed in North America and Europe (Warren, 

1982). It described by Kent (1881) near Dundee, Scotland, United Kingdom under synonymic 
name Platycola longicollis Kent, 1881 and in Switzerland under synonymic name P. truncata de 
Fromentel, 1874 (Sieber, 1988). 

Class HETEROTRICHEA Stein, 1859
Order HETEROTRICHIDA Stein, 1859
Family STENTORIDAE Carus, 1863
Genus Stentor Oken, 1815

Stentor sp. (Figure 2G)
Material examined. Only one specimen observed as free swimming and attached to 

detritius from St. 2 (17 I 2021). It is our point that the found ciliate is most probably relative to 
Stentor multiformis (Müller, 1786) considering the size of the extended individual, single bead 
macronucleus and azure to sea green cortical granules (Foissner, Wolf, 1994).

Measurements. Length of body is 220 µm. 
Distribution. Most species of genus Stentor were found occur in dystrophic freshwaters, or 

in slightly brackish biotopes (Foissner, Wolfl, 1994). The relative for found species S. multifor-
mis was firstly described by Müller (1786) from Denmark (Copenhagen). Later the species was 
reported from Gulf of Cádiz (Spain) and Wismar (Germany) by Stein (1867). The species also 
found in freshwaters of Poland (Babko et al., 2010). Foissner and Wolfl (1994) commented that 
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S. multiformis reported in marine, freshwater and terrestrial biotopes, but whether the marine and 
freshwater populations of the species are truly conspecifics is still questionable. 
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Abstract The study was conducted to analyse ABO blood group and secretor status using saliva among 
habituals and healthy controls. The relationship between ABO blood group, secretor status 
of habituals and oral potentially malignant disorders (OPMDs) was assessed. Salivary secre-
tor status was studied in 100 individuals. Clinical and habit history was noted. Group I had 
50 age and sex matched healthy controls; group II had 50 individuals having habit history, 
with or without PMD. With 1ml of unstimulated saliva from each, Wiener agglutination test 
was performed to know blood group and secretor status. The relationship between ABO blood 
groups, secretor status, and OPMDs was assessed using Chi-square test and odds ratio. Group I 
had blood groups A (44%), B (32%), O (14%), AB (10%) and group II had A (32%), B (26%), 
O (34%), AB (8%). Non-secretor status in group I was 18% and group II, 82%. In Group 
II, 20% nonsecretors presented with PMD, predominantly oral submucous fibrosis followed 
by leukoplakia and lichen planus. A definite correlation between salivary secretor status and 
development of PMD indicates non-secretors possess greater risk of developing oral lesions. 
Among the habituals, blood groups B and O were at higher risk than A and AB. 
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Badanie grup krwi ABO i statusu wydzielania wśród osób żujących tytoń –  
badanie kontrolne przypadku

Słowa kluczowe antygeny grup krwi, nawyki, immunoglobuliny, zwłóknienie podśluzówkowe jamy ustnej, 
ślina

Streszczenie Badanie przeprowadzono w celu porównania wpływu grupy krwi ABO i statusu wydzielania 
śliny wśród osób mających nawyk żucia tytoniu i osób zdrowych z grupy kontrolnej. Oceniono 
związek między grupą krwi ABO, stanem wydzielniczym osób uzależnionych od żucia 
tytoniu i potencjalnie złośliwymi zaburzeniami funkcjonowania jamy ustnej (OPMD). Stan 
wydzielania śliny zbadano u 100 osób. Odnotowano historię kliniczną i nawykową. Grupa I – 
50 osób zdrowych z grupy kontrolnej; grupa II – 50 osób z nawykiem żucia tytoniu, z PMD 
lub bez. Z 1 ml śliny pobranego od każdego uczestnika badań wykonano test aglutynacji 
Wienera, aby poznać grupę krwi i status wydzielniczy. Związek między grupami krwi ABO, 
stanem wydzielniczym i OPMD oceniano za pomocą testu chi-kwadrat i ilorazu szans. Grupa 
kontrolna (I) miała grupy krwi A (44%), B (32%), O (14%), AB (10%), a grupa z nawykiem 
żucia tytoniu (II) miała A (32%), B (26%), O (34%), AB (8%). Stan niewydzielniczy w grupie 
I wynosił 18%, a w grupie II 82%. W grupie II 20% osób niewydzielających wykazywało 
PMD, głównie zwłóknienie podśluzówkowe jamy ustnej, a następnie leukoplakię i liszaj płaski. 
Wyraźna korelacja między stanem wydzielania śliny a rozwojem PMD wskazuje, że osoby 
niewydzielające mają większe ryzyko rozwoju zmian w jamie ustnej. Wśród osób z nawykiem 
żucia tytoniu grupy krwi B i O były bardziej zagrożone niż A i AB.

Introduction

Habituals are individuals who indulge in habits such as chewing tobacco, areca nut with or 
without betel quid, gutkha, or tobacco smoking. In India, ease of access, unawareness among the 
individuals on the effects of tobacco chewing and the cost-effective marketing of tobacco-related 
products have led to an increase in the rate of oral potentially malignant diseases and cancer. 
The oral potentially malignant disorders (OPMDs) include both potentially malignant lesions 
and potentially malignant conditions. OPMDs are leukoplakia, oral submucous fibrosis (OSF), 
oral lichen planus (OLP), oral lichenoid lesions (OLL), actinic cheilitis, some inherited cancer 
syndromes and immunodeficient conditions (Rai, Acharya, Hallikeri, 2015). Among these, OSF 
has the highest rate of malignant transformation, being 7–13% followed by leukoplakia: 0.13 to 
17.5%, OLP: 1.37%, and OLL: 2.34% (Amagasa, Yamashiro, Uzawa, 2011; Giuliani et al., 2019).

ABO blood grouping was given by Landsteiner and later in 1902 his pupils Von Decastallo 
and Sturli described the fourth blood group, AB (Metgud, Khajuria, Mamta, Ramesh, 2016). 
The literature review shows the correlation between ABO blood grouping and PMDs. Kumar, 
Puri, Laller, Bansal and Malik (2014) reported that blood group A patients had 1.28 times in-
creased chances of developing OLP, followed by AB, B, O. In a study by Hallikeri, Udupa, Guttal 
and Naikmasur (2014) it was noted that individuals with blood group A had greater prevalence 
of OSF when compared to those with blood group O, B, AB. Studies in the Indian population 
have revealed patients with blood group A have a predisposition for oral cancer compared to 
other blood groups (Tyagi, Pradhan, Agarwal, 1965; Raaghavan, Bailoor, Jhansirani, 1986; Jaleel, 
Nagarajappa, 2012). 

Besides blood, antigens are also secreted in various body secretions such as saliva, semen, 
gastric juice, nasal secretions, sweat, tears, urine, etc (Kumar et al., 2014). These individuals who 
secrete their blood type antigens in their body fluids are known as “secretors” and those who do 
not secrete their blood type antigens in their body fluids are known as “non-secretors”, accounting 
for 20% of population. The secretor gene, fucosyltransferase 2, is inherited in an autosomal 
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dominant pattern (Rai, Acharya, Hallikeri, 2015; Hallikeri et al., 2014). According to literature 
reviews, non-secretors are more prone to develop PMDs and cancer. Studies on the relationship 
between secretor status and premalignant and malignant oral lesions have shown a possible cor-
relation amongst these factors. Rai et al. (2015) showed significantly more premalignant lesions in 
non-secretors. Study by Hallikeri et al. (2014) revealed an increased frequency of a premalignant 
condition, OSF in non-secretors. Vidas et al. (1999) studied the effect of the secretor status on oral 
precancerous lesions and noted that salivary non-secretors were at a higher risk of developing 
oral cancer compared to secretors.

Hence, with this background, we aimed to study the relationship between ABO blood group 
and secretor status among habituals. The aim was to analyse the ABO blood group and secretor 
status using saliva among habituals and healthy controls and to assess the relationship between 
ABO blood group, secretor status of habituals and OPMDs. 

Material and Methods

The source of data was obtained from patients reporting to the Department of Oral Medicine 
and Radiology and was conducted at a 2-month interval from November 2019 to December 2019. 
Ethical clearance was obtained from the Institutional Review Board (IRB. NO: 2019/HS/OP/69). 
The procedure was explained and informed consent was obtained from the participants of the 
study.

Salivary secretor status in 100 individuals was studied. After noting a detailed clinical and 
habit history the subjects were equally grouped as: a. Individuals having habit with or without 
potential malignant disorders (Group 1); b. Healthy controls (Group 2).

Establishing the secretor status in the saliva

A sterile container was used to collect 1 ml of unstimulated saliva from each patient. This was 
transferred to a test tube, closed with cotton plug and kept in boiling water bath for 10 minutes to 
kill enzymes. The supernatant was then extracted by centrifugation with a force of 1,700 rpm for 
10 minutes. Wiener agglutination test was used to analyse the secretor status. Test serum utilized 
in this experiment was diluted in a salted physiological solution in a proportion of 1 : 10, the same 
proportion that the saliva was diluted.

The test tubes were marked I to IV and the following antiserum was added into the test- tubes:
In both test tube I and II, 1 drop of saliva was taken followed by addition of 1 drop of anti-B 

serum and anti-A serum respectively. Whereas in test tubes III & IV, 1 drop of physiological 
solution was taken and 1 drop of anti-B serum and 1 drop of anti-A serum was added, respectively.

A drop of 2–3% suspension ‘A’ erythrocyte into sterile tube II and IV and a drop of suspen-
sion ‘B’ erythrocyte into tube I and III was added after 10 minutes. Following this the test tubes 
were agitated and kept at room temperature for one hour. The results were then noted. 

Agglutination in tube I was due to substance A2 in saliva, i.e. of secretor A, and the agglutina-
tion in tube II was an evidence of secretor B. The lack of agglutination in tubes I and II designated 
AB secretor, and agglutination in tubes, I and II indicated the individual is a non-secretor. 
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Statistical analysis

Chi-square test and odds ratios (OR) were applied to assess the relationship between ABO blood 
groups, secretor status, and OPMDs.

Results

In this case-control study, a total of 100 participants, consisting of 50 controls including 7 females 
and 43 males; and 50 patients with habits including various forms of tobacco and areca nut habits 
were studied. 

The frequencies of A, B, AB and O in the control group were 44%, 32%, 10%, and 14% 
respectively. In the habituals group, out of 50, blood group O predominated being 34%, followed 
by blood group A – 32%, B – 26% and the least was AB – 8%. A statistically significant difference 
was noted with blood group O among controls and habituals (Table 1). The present study reveals 
blood group O to be at a higher risk with an odds ratio of 2.43, followed by B, AB and least was 
A with OR of 0.81, 0.8 and 0.73 respectively at the CI of 95% (Table 2). The habits noted were 
mixed habit (48%), which predominantly included a combination of betel quid chewing with 
smoking or alcohol. Other habits were betel quid chewing (30%), tobacco chewing (16%) and 
smoking (6%) (Table 3).

Table 1. Distribution of ABO blood groups among controls and habituals

Group Blood gp A
% (N)

Blood gp B
% (N)

Blood gp AB
% (N)

Blood gp O
% (N)

Total percent
% (N)

Controls 44 (22) 32 (16) 10 (5) 14 (7) 100 (50)

Habituals 32 (16) 26 (12) 8 (4) 34 (17) 100 (50)

p value 0.33 0.57 >0.99 0.04*

* Statistically significant (p < 0.05).

Table 2. Odds ratio blood group among individuals with habits

Blood groups OR (CI)

A 0.73 (0.34–1.55)

B 0.81 (0.35–1.86)

AB 0.8 (0.2–3.15)

O 2.43 (0.93–6.37)
OR = Odds Ratio.
CI = Confidence Interval.
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Table 3. Different habits among the habituals and their frequency

Type of habit Frequency Percent

Betel quid chewing 15 30.0

Tobacco chewing 8 16.0

Smoking 3 6.0

Mixed 24 48.0

Total 50 100.0

The secretor status was as follows: in the control group 82% were secretors and 18% were 
non-secretors, in contrast among the habituals 82% were non-secretors and 18% were secretors 
with a highly significant statistical difference (P < 0.001) (Table 4). Among the habituals, PMDs 
were seen in 10 out of 50 individuals, accounting to 20% and most frequent being OSF (7 (70%)), 
followed by one (10%) case each of OSF+ leukoplakia, lichen planus and leukoplakia (Table 5).

Table 4. Secretor status among the control and habituals

Groups
Secretor Non-secretor

N % N %

Control 41 82 9 18

Habituals 9 18 41 82

p value <0.001* <0.001*

* Statistically highly significant (p < 0.05).

Table 5. Potentially malignant disorder among habituals

Percentage of potentially malignant disorder among habituals

Oral potentially malignant disorder present
N (%)

Oral potentially malignant disorder absent
N (%)

10 (20) 40 (80)

Distribution of potentially malignant disorder among habituals

Oral potentially malignant disorders Number of cases
N (%)

Oral submucous fibrosis 7 (70)

Lichen planus 1 (10)

Leukoplakia 1 (10)

Oral submucous fibrosis with leukoplakia 1 (10)
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Discussion

Blood groups are the identity of any individual and once determined will remain unchanged 
lifelong. Blood group can be determined with accuracy from saliva in individuals who secrete 
antigens. H antigen is the precursor of blood groups and present in all types of blood group. H anti-
gen gets converted into blood groups A & B with the help of glucosyltransferase enzyme, whereas 
in individuals with O blood group, blood antigen remains the same in its original form. Aberration 
in the synthesis of glycolipids brings about down-regulation or partial or complete deletion of the 
blood group antigen on the cell surface, making it prone to disease development (Dabelsteen, 
Pindborg, 1973; Auclair, 1984). 

In the present study, among the controls, predominant blood group noted was A (44%) and 
least was AB (10%), whereas among habituals blood group A (32%) & O (34%) were the major 
blood group noted. A statistically significant difference was noted with blood group O among 
both the groups. Further blood group O was at higher risk with odds ratio of 2.43, followed by 
B, AB and least was A with OR of 0.81, 0.8 and 0.73 respectively at the CI of 95%. Among the 
PMDs, predominantly seen were OSF (7 cases i.e, 70%) and one case (10%) each of OSF with 
leukoplakia, lichen planus and leukoplakia (total 3 cases). These PMDs were noted in blood group 
O individuals followed by blood group A, B & AB. 

Similarly, Rai et al. (2015) noted PMDs in blood groups as follows: A – 42%, O – 39%, 
B – 9% and AB – 4%; with OR of 1.118 (0.67–1.86) and 1 (0.52–1.91) for blood group A and 
O respectively. Among the PMDs, predominantly noted was OSF and was seen among the blood 
group A individuals. A study by Hallikeri et al. (2014) showed that when compared to O, B, AB 
blood groups, the prevalence of OSF was more in those belonging to blood group A. However, 
a statistically significant relation could not be established between the blood groups and OSF. 
We noted only one case of OLP in those with blood group B. Moshaverinia, Rezazadeh, Dalvand, 
Moshaverinia and Samani (2014) found no statistically significant correlation between ABO blood 
groups and OLP. Whereas Kumar et al. (2014) found a significant association between blood group 
A and OLP on comparing cases and controls.

Habits are the possible factors for the occurrence of OPMD and oral cancer. Individuals who 
do not secrete antigens into body fluids are called non-secretors, and are more prone to disease 
development as reported by Rai et al. (2015) and Lamey et al. (1991). In addition to the habit, the 
non-secretor status decreases the susceptibility of mucosal resistance to infection and pathological 
changes (Lamey et al., 1991; Rai et al., 2015). 

In the present study, the control group had 82% secretors and 18% non-secretors and among 
the habituals, 18% were secretors and 82% non-secretors with a statistically significant difference. 
Vidas et al. (1999) studied secretor status of saliva in oral precancerous lesions and observed 
maximum number of oral disease and also epithelial dysplasia in the non-secretor group. Hallikeri 
et al. (2014) in a study on salivary secretor status in OSF patients found all OSF patients were 
non-secretors and concluded that non-secretors are at a greater risk of developing of oral lesions 
than the secretors. Rai et al. (2015) noted a significant statistical association between the control 
and study groups with salivary secretor status. The 87% of the OPMDs were non-secretors, 
whereas in the control group, the non-secretor status percentage was 16%. And similar to the 
present study, OSF and leukoplakia patients examined were non-secretors. Pourazar, Joshi, Sathe, 
Advani and Bhatia (1986) studied group of 100 leukoplakia patients and reported that majority 
were non-secretors when compared to the healthy group. Campi et al. (2007) found no significant 
relationship between oral lesions (malignant and premalignant) and secretor status (P = 0.119). 
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In their study, Bakhtiari, Far, Alibakhshi, Shirkhoda and Anbari (2019) reported that of the oral 
carcinoma patients, 66.7% were non-secretors, whereas among the controls, 73.6% were secretors. 
A statistically significant difference was noted between the groups.

The salivary secretor status in chronic hyperplastic candidosis patients was investigated by 
Lamey et al. (1991). It was suggested that secretor status is a genetically determined risk marker 
in the potentially malignant oral lesion of candidal leukoplakia. The protective mechanism of the 
blood group antigens against the infections is by interfering with the bond between the epithelial 
cells and microorganisms. Also, lower levels of IgA have been noted in the serum and saliva 
of non-secretors. Hence, the specific immune responses of the mucosa among the non-secretors 
are weaker than secretors (D’Adamo, Kelly, 2001).

Conclusion

To conclude our study revealed blood groups O and B were more susceptible to OPMD develop-
ment. Among OPMDs, most commonly noted was OSF, which has a high rate of malignant 
transformation. Salivary non-secretor status among habituals makes individuals, more prone to 
OPMDs. Counselling the habituals to quit the habit and close follow-up of non-secretor individu-
als can cause early detection and prompt treatment of oral potentially malignant disorders.
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Abstract In frogs, males generally use calls to attract conspecific females for breeding. Previous studies 
suggest that male frogs can effectively attract females by calling from an open environment, 
which has the advantages of avoiding the diminishing of their calls and increasing attractive-
ness to females by bimodal (acoustic + visual) signal. However, males calling from open sites, 
would be more easily detected by predators due to their exposed bodies. Male frogs may 
need to select a calling site that is suitable for environmental conditions to enhance their 
survival rate and mating success. In the present study, we examined the selection of calling 
sites by Pelophylax porosus porosus male, whose predators are mostly diurnal. As a results, 
P. p. porosus males tended to select vegetation-shaded water surfaces as daytime calling sites 
and select open water surfaces as night calling sites. Our results suggest that choice of calling 
sites by P. p. porosus males depends on whether it is daytime or night, because of differences 
in predation risk between daytime and night. The selection of a calling site suitable for each 
situation is expected to increase the fitness of the male frogs.

Wybór miejsc nawoływania przez Pelophylax porosus porosus (Anura: Ranidae)

Słowa kluczowe żaba, płazy, zachowania godowe, zagrożenie drapieżnicze

Streszczenie U żab, aby się rozmnożyć samce zazwyczaj nawołują, aby zwabić samice swojego gatunku. 
Wcześniejsze badania sugerują, że samce żaby mogą skutecznie wabić samice, wołając 
z otwartego środowiska, co ma tę zaletę, że pozwala uniknąć tłumienia ich nawoływań (np. 
przez roślinność) i zwiększania atrakcyjności dla samic za pomocą sygnału bimodalnego 
(akustycznego + wizualnego). Jednak samce nawołujące z otwartych miejsc byłyby łatwiej 
wykrywane przez drapieżniki (brak możliwości ukrycia się). Samce żab mogą wybierać miej-
sca wołania, optymalizując swoją przeżywalność i sukces lęgowy. W niniejszej pracy zbadano 
dobór stanowisk nawoływania przez samca Pelophylax porosus porosus, który jest zagrożony 
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drapieżnictwem w ciągu dnia. W rezultacie samce tego gatunku miały tendencję do wybierania 
zacienionych przez roślinność powierzchni wody jako miejsc do przebywania w ciągu dnia i 
wybierały powierzchnie wód otwartych jako miejsca do nawoływań nocnych. Nasze wyniki 
sugerują, że wybór miejsc nawoływania zależy od tego, czy jest dzień, czy noc, ze względu 
na różnice w ryzyku drapieżnictwa między dniem a nocą. Wybór odpowiedniego miejsca 
nawoływania zwiększa liczbę wyprowadzonego potomstwa jednocześnie minimaluzując 
prawdopodobieństwo śmierci w wyniku drapieżnictwa.

Introduction

In anuran amphibians (frogs), males generally use acoustic signals (calls) to attract conspecific 
females for breeding (Wells, 1977; Arak, 1983; Ryan, Keddy-Hector, 1992). Vocal characteristics, 
such as frequency, intensity, complexity, and calling rate are important in increasing attractive-
ness to females (Ryan, Keddy-Hector, 1992; Grafe, 1997; Taylor, Buchanan, Doherty, 2007), but 
environmental characteristics of calling sites are also important (Fellers, 1979). For example, in 
Hyla versicolor, males that are successful in attracting females tend to select perches which are 
horizontal and had relatively less vegetation in the immediate vicinity as calling sites (Fellers, 
1979). Fellers, (1979) reported that a perch with little surrounding vegetation is less likely to 
diminish the call by vegetation, and that the horizontal nature of the perch allows for a uniform 
spreading of the call, and described the advantages of an open calling site. In Physalaemus pustu-
losus, females prefer an acoustic signal combination including vocal sac inflation (bimodal signal: 
acoustic + visual signals) over an identical set of signals with the vocal sac inflation removed 
(unimodal signal) (Rosenthal, Rand, Ryan, 2004; Taylor, Klein, Stein, Ryan, 2008). A similar 
increase in calling male attractiveness by bimodal signal combined acoustic and visual signals 
has also been observed in some hylid frogs, such as H. squirella, H. arborea (Taylor et al., 2007; 
Gomez et al., 2009). Under natural field conditions, only a few of the males in a chorus are likely 
to be visible to females if there vegetation cover and heterogeneity of the substrate (Taylor et al., 
2007, 2008). In those cases, males that are visually accessible to the females may increase their 
probability of being selected as mates (Taylor et al., 2007, 2008). The results of these previous 
studies suggest that male frogs can effectively attract females by selecting an open environment as 
a calling site, which has the advantages of avoiding the diminishing of their calls and increasing 
attractiveness to females by bimodal signal. However, males calling from open sites, which are 
considered advantageous in attracting females, would be more easily detected by predators due 
to their exposed bodies. Furthermore, conspicuous breeding behaviors, such as vocalizations by 
male frogs, increase predation risk (Magnhagen, 1991). To attract females for breeding under high 
predation risk, males may need to use risk mitigation behaviors such as calling while hiding. It is 
necessary to explore the balance between attractiveness to females and predation risk factors in 
calling site selection by males to understand the evolution of breeding behaviors and strategies in 
frogs. However, the relationship between calling site selection and predation risk of males, and 
attractiveness to females in frogs is still unknown.

Pelophylax porosus porosus is a medium-sized frog that is endemic to Japan and naturally 
distributed only in Honshu main island (Matsui, Maeda, 2018). This frog inhabits still waters 
such as paddy fields and ponds. It breeds in these still water environments from late April to 
July (Matsui, Maeda, 2018). During the breeding season, the male calls while floating on the 
water surface, with his vocal sacs on both cheeks inflated greatly to attract conspecific females 
(Shimoyama, 1989; Matsu, Maeda, 2018). After mating, breeding pairs move outside the calling 
sites to search for ovipositional sites, distributing eggs from a single clutch over several sites 
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(Shimoyama, 1989; Matsui, Maeda, 2018). Thus, in P. p. porosus, male calling sites function only 
as sites to attract females (Shimoyama, 1989).

The paddy fields and ponds inhabited by P. p. porosus are also the habitats of birds such as 
herons, gray-faced buzzards, and snakes, which are its major predators (Kosugi, 1960; Fukada, 
1964; Yamada, 1994; Kadowaki, 1996; Takumi, Ezaki 1998; Momose et al., 2005; Edirisinghe, 
Bambaradeniya, 2006; Sakai, Yamaguchi, Momose, Higuchi, 2011). These predators are diurnal 
(Kosugi, 1960; Fukada, 1964; Kadowaki, 1992, 1996; Yamada, 1994; Momose et al., 2005; Sakai 
et al., 2011), meaning that P. p. porosus is exposed to high predation risk during the daytime.

We hypothesized that P. p. porosus males select hidden calling sites during daytime when 
predation risk is high but select open sites favorable for attracting females at night. In the present 
study, we aimed to examine this hypothesis by observing the calling sites of P. p. porosus in 
a semi-natural field, where several ponds with different environmental conditions were created. 
Based on observational data, we discuss the relationship between decision of calling sites and 
attractiveness to females, as well as the predation risk at calling sites.

Materials and Methods

Frogs

Pelophylax porosus porosus were collected from paddy fields in Fujisawa City, Kanagawa 
Prefecture, Japan. Sexually mature males were used for the experiments. The sex was determined 
based on the presence or absence of secondary sexual characteristics, such as nuptial pads and 
external vocal sacs (Matsui, Maeda 2018). Snakes and herons inhabit the paddy fields where the 
experimental specimens were collected, and we actually encountered Rhabdophis tigrinus and 
Egretta garzetta preying on P. p. porosus males several times in the daytime.

Experimental field

The experimental field of the present study is shown in Figure 1. 
We conducted the experiment in a net room (bottom: 2.5 × 4.8 m, height: 2 m). The net 

room was created by wrapping insect-repelling nets around the framework of a horticultural 
vinyl greenhouse. Four ponds measuring 1.53 m2 (0.85 × 1.8 m) each were created by embedding 
a blue waterproof sheet on the ground inside the net room. Two ponds were 30 cm deep and the 
other two were 10 cm deep, but the water surface area of all four ponds were identical. Vegetation 
was planted on the banks of the northern half of the net room, and the southern half remained 
vegetation-free. The vegetation comprised the species that occur naturally on the banks of paddy 
fields from which P. p. porosus were collected, such as Setaria viridis, Eleusine indica, Rumex 
acetosa, and Plantago asiatica.

During the experiment, the planted vegetation was pruned and maintained at a height of ap-
proximately 30 cm. The two ponds that were surrounded by banks with vegetation were called 
the “vegetated ponds,” and the other two ponds that were surrounded by banks without vegetation 
were called the “non-vegetated ponds.” In the vegetated ponds, vegetation on the bank covered the 
water surface within 10 cm from the edge, creating shaded conditions. In contrast, no vegetation 
covered the water surface farther than 10 cm from the shoreline, creating an open water surface. 
In the non-vegetated ponds, there was no vegetation cover, and water surface was uniformly 
open. We pasted numbered vinyl tapes at 10 cm intervals along the banks to record the sites from 
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which male frogs were calling. The sites were recorded to the nearest 5 cm. The upper part of the 
experimental field was not covered by trees, and the light environment was the same in all the 
four ponds. In addition, there was no artificial light source in the vicinity of the experimental field.

Experimental methods

Experiments were conducted from May 14 to June 28, 2018, and from May 5 to June 20, 2019. 
These periods fell within the breeding season of the P. p. porosus population that was used in the 
experiments. In both years, trials of 7 days were set several times using the same 12 individual 
frogs that were replaced in each trial. From the preliminary surveys, we established that a maxi-
mum of three P. p. porosus males call from the puddle water surface of about 1.5 m2. In the present 
study, four ponds measuring about 1.5 m2 were used, and the number of experimental individuals 
per trial was set to 12, assuming that three males would call from each pond if there is no tendency 
to select a particular pond as a calling site. In 2018 and 2019, four and three trials were conducted, 
respectively. Therefore, a total of 84 male P. p. porosus were used in our experiment. Frogs were 
collected at night and released into the center of the net room immediately after collection, and 
observations were made from mid-day (12:00) of the next day. We did not feed the experimental 
frogs because there were many insects and spiders in the net room for the frogs to prey on. After 
each trial, the frogs were released into the paddy field from which they were collected, and the 
pattern of their dorsal surface was recorded to prevent duplication of use between trials. Colored 
threads were wrapped around the waists of the frogs to identify individuals. Observations were 
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Figure 1. The layout of experimental field. A. The view from above. The gray zone is planted with vegetation. 
The dotted rectangles represent the vegetated ponds, and the solid rectangles represent the non-vegetated 
ponds, respectively. B. The cross-sectional view of a 10-cm deep vegetated pond
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made twice through the day, during the daytime (12:00) and at night (0:00), and each observation 
period was approximately 20 min. Observations were done with the naked eye, and the net room 
was illuminated with lights (LH-PY01Z-S, OHM ELECTRIC Inc, Tokyo, Japan) at night. There 
was no apparent disruption of the frog’s behavior by the illumination of the lights. We defined 
a calling male as a male emitting an advertisement call. The sites of calling males (calling sites) 
were recorded during each observation. If the calling males moved during a single observation, 
they were recorded at the first site where they were observed.

Data analysis

Out of a total of 84 frogs used in the experiment, 69 males emitted an advertisement call during 
the experiment, and a total of 370 calling site data were obtained from these 69 males. In the 
following analysis, we used the 370 calling site data obtained from the experiment.

We hypothesized that vegetated ponds, which have shelters (shade of vegetation), are selected 
as calling sites during daytime when predation risk is high whereas non-vegetated ponds, which 
are open and more favorable for attracting females, are selected at night. In paddy fields and ponds, 
which are the breeding habitat of P. p. porosus, variations in water depth are common. These 
differences in water depth lead to differences in environmental factors such as water temperature, 
which may in turn influence the selection of calling sites. It is possible that the frogs acclimatized 
to the experimental field with the passage of days since the start of the experiment, because the 
same frogs were used for 7 days of observation. Thus, the number of days since the frogs were 
released into the net room may also affect the determination of the calling site (same for the next 
analysis). Therefore, we conducted a generalized linear model (GLM) analysis with the pond 
type selected as the calling site (vegetated pond = 1, non-vegetated pond = 0) as the response 
variable, observation time (daytime = 1, night = 0), water depth (30 cm = 1, 10 cm = 0), and 
number of observation days (1–7) as explanatory variables, the binomial distribution as the error 
distribution, and the logit link function as the link function.

In the vegetated ponds, the water surface within 10 cm from the edge was shaded by vegeta-
tion (Figure 1), where males can call while hiding. The distribution of calling sites on the water 
surface of the vegetated ponds is predicted to be concentrated within 10 cm from the edge (shade 
of vegetation) during the daytime, when predation risk is high but this tendency is not expected 
at night during which predation risk is low. In contrast, there was no vegetation cover in the 
non-vegetated ponds, and water surface was uniformly open. We therefore assumed that there 
was no tendency for calling sites to be concentrated on the water surface within 10 cm from the 
edge in the non-vegetated ponds. Therefore, we conducted a GLM analysis with the site of calling 
male on the pond water surface (water surface within 10 cm from the shoreline = 1, water surface 
farther than 10 cm from the shoreline = 0) as the response variable, observation time (daytime = 1, 
night = 0), pond type (vegetated pond = 1, non-vegetated pond = 0), and number of observation 
days (1–7) as explanatory variables, the binomial distribution as the error distribution, and the 
logit link function as the link function.

All possible combinations of explanatory variables were analyzed for both GLMs, and the 
AIC minimum model (the best model) was selected for each. For the best model, the significance 
of the coefficients was determined at the 5% level of p value. Both statistical analyses were 
performed using R version 4.1.0 (R Development Core Team 2021).
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Results

The heat map of the calling site is shown in Figure 2. Non-calling males were hidden in the 
vegetation on the bank during both day and night, and in most cases only calling males were 
present in the ponds.

N N

1 m 1 m
Daytime Night

Figure 2. Heatmap of calling sites. The darker the color, the more calling sites that were recorded. The dot-
ted rectangles represent the vegetated ponds, and the solid rectangles represent the non-vegetated ponds, 
respectively

In the analysis in which the response variable was the pond type selected as the calling site, 
the model including only the observation time was selected as the best model (Table 1). 

In the best model, the regression coefficients of the explanatory variable was positive, and 
a strong significant association with the response variable was detected. The intercept was not 
significant. The best model indicated that the vegetated ponds tended to be selected as calling sites 
in the daytime and non-vegetated ponds tended to be selected as calling sites at night.

In the analysis with the site of calling male on the pond water surface as the response vari-
able, the model including the observation time and the pond type was selected as the best model 
(Table 2). 
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Table 1. The results of GLM analysis with “pond type” set as the response variable. The seven models 
were listed in order of smallest AIC. “Time,” “Day,” and “Depth” represent observation time, number of 
observation days, and water depth, respectively

Model
Estimated value (SE) AIC

(delta)intercept time day depth time × day time × depth day × depth
1 0.276 4.872*** 285.7

(0.144) (1.013) (–)
2 0.438 4.892*** –0.051 287.3

(0.294) (1.014) (0.080) (1.60)
3 0.329 4.908*** –0.108 287.5

(0.202) (1.018) (0.286) (1.86)
4 0.922* 4.893*** –0.178 –0.985 0.270 288.3

(0.426) (1.018) (0.111) (0.597) (0.163) (2.63)
5 0.504 4.934*** –0.053 –0.120 289.1

(0.334) (1.019) (0.080) (0.287) (3.42)
6 0.452 4.132* –0.055 0.228 289.1

(0.296) (2.083) (0.081) (0.605) (3.44)
7 0.323 17.243 –0.095 –12.515 289.2

(0.203) (722.296) (0.288) (722.297) (3.51)

* p < 0.05, ** p < 0.01, *** p < 0.001.

Table 2. The results of GLM analysis with “the site of calling male on the pond water surface” set as the 
response variable. The seven models were listed in order of smallest AIC. “Time,” “Day,” and “Pond” 
represent observation time, number of observation days, and pond type, respectively

Model
Estimated value (SE) AIC

(delta)intercept time day pond time × day time × pond day × pond
1 –0.062 1.555* 2.602*** 212.0 

(0.216) (0.678) (0.418) (–)
2 0.282 1.444* –0.105 1.369 0.435 212.5 

(0.467) (0.682) (0.127) (0.768) (0.246) (0.44)
3 0.283 3.198* –0.105 0.860 –0.631 0.671* 212.5

(0.467) (1.544) (0.127) (0.850) (0.457) (0.332) (0.47)
4 –0.071 14.637 2.636*** –13.170 213.6

(0.217) 882.743 (0.426) (882.744) (1.58)
5 –0.153 1.545* 0.028 2.608*** 214.0

(0.398) (0.678) (0.102) (0.418) (1.92)
6 0.270 16.519 –0.104 0.860 –0.637 –13.446 0.693 214.0

(0.467) (882.745) (0.127) (0.860) (0.456) (882.744) (0.344) (1.94)
7 0.270 14.608 –0.104 1.402 –13.260 0.436 214.0

(0.467) (882.743) (0.127) (0.772) (882.744) (0.246) (1.98)

* p < 0.05, ** p < 0.01, *** p < 0.001.
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In the best model, the regression coefficients of both explanatory variables were positive, and 
significant associations with the response variable in both explanatory variables were detected. 
The intercept was not significant in both cases. The best model indicated that the water surface 
within 10 cm from the shoreline tended to be selected as calling sites in the daytime and in the 
vegetated ponds.

Discussion and Conclusion

Our results indicate that P. p. porosus males tended to select the vegetated ponds as calling sites in 
the daytime (Figure 2, Table 1). In addition, this experiment also indicated that the water surface 
within 10 cm from the shoreline tended to be selected as calling sites in the daytime and in the 
vegetated ponds (Figure 2, Table 2). In the vegetated ponds, the water surface within 10 cm from 
the shoreline was shaded by vegetation (Figure 1), where males could call while hiding. These 
results suggest that P. p. porosus males select vegetation-shaded water surfaces as calling sites 
during daytime. Because the snakes, herons and gray-faced buzzards that prey on P. p. porosus are 
diurnal (Kosugi, 1960; Fukada, 1964; Kadowaki, 1992, 1996; Yamada, 1994; Momose et al., 2005; 
Sakai et al., 2011), the encounter rates with predators are likely to be high during the daytime. 
Furthermore, conspicuous breeding behaviors, such as vocalizations by male frogs, are known to 
increase predation risk (Magnhagen, 1991). Since frogs utilize the shade of vegetation as a shelter 
(Shimoyama, 1989, 1996; Parris, McCarthy, 1999; Sato, Azuma, 2004), we conclude that males 
select the vegetation-shaded water surfaces as daytime calling sites to attract females under low 
predation risk condition.

Our findings indicate that P. p. porosus males tended to select the non-vegetated ponds as 
calling sites at night (Figure 2, Table 1). In addition, males tended to select the water surface 
farther than 10 cm from the shoreline as calling sites at night (Figure 2, Table 2). These results 
suggest that P. p. porosus males select open water surfaces as night calling sites. When males 
call on open water surface, they are more likely to be detected by predators due to their exposed 
bodies. On the other hand, calling on the open water surface has some benefits, such as the male’s 
call not being diminished by vegetation and the possibility of using a bimodal (acoustic + visual) 
signal to attract females, which may enable males to attract females effectively. Because predators 
such as snakes and birds are less active at night, males are likely to increase their mating success 
by selecting open water surfaces as night calling sites, which they cannot select in the daytime. 
However, there is a possibility that the selection of the non-vegetated ponds as a calling site at night 
might be a result of the overcrowding of the vegetated ponds at night. As we mentioned earlier, 
maximum of three of P. p. porosus males can call on the puddle water surface measuring about 
1.5 m2. Thus, if a total of six males selected the vegetated ponds as calling sites, the vegetated 
ponds would become unavailable, and some males would have to select the non-vegetated ponds. 
In contrast, a male that selected the non-vegetated ponds when the number of calling males in 
the vegetated ponds was less than six would be considered to have selected the non-vegetated 
ponds out of preference rather than lack of choice. In our experiment, out of a total of 86 cases in 
which calling males were confirmed in the non-vegetated ponds, the number of calling males in 
the vegetated ponds was less than six in 73 cases (85%). Furthermore, in 36 cases (42%), calling 
males were observed in the non-vegetated ponds when there were no calling males in the vegetated 
ponds. These results suggest that most of the males that selected the non-vegetated ponds at night 
did so because they preferred non-vegetated ponds over the vegetated ones.
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Our results suggest that the presence of vegetation has a major effect on the determina-
tion of calling sites in P. p. porosus males. Rice planting is one of the human activities that 
greatly change the distribution of vegetation in paddy fields, and it takes place in middle May 
(Shimoyama, 1996) or early June (Inoue, 1979; Shimoyama, 1989). Since the breeding season 
of P. p. porosus is from late April to July (Matsui, Maeda, 2018), males call in each paddy field 
environment where the vegetation distribution differs greatly before and after rice planting, and 
the determination of the calling site could be influenced by rice planting. For example, the water 
surface in a paddy field before rice planting is completely devoid of vegetation, and vegetation 
generally exists only on the banks. Therefore, in the paddy field before rice planting, calling males 
would concentrate on the water surface near the banks for vegetation cover during daytime, and 
avoid the water surface near the bank at night. On the other hand, since rice (vegetation) is widely 
present in the paddy fields after rice planting, daytime calling sites are expected to be dispersed 
throughout the paddy fields in contrast to before rice planting.

Our results suggest that choice of calling sites by P. p. porosus males depends on whether 
it is daytime or night, because of differences in predation risk between daytime and night. This 
behavior enhances their survival rate and mating success. In the hylid, H. squirella, male frogs 
calls from deep within vegetation under bright conditions, such as on a full moon night, when it 
is most vulnerable to predators, and increases the proportion of calling in open sites under dark 
conditions (Taylor et al., 2007). The results of this previous study are consistent with those of our 
study in that male frogs select different calling sites depending on environmental conditions. 
The behavior of selecting different calling sites depending on the environmental conditions, 
causes the male frogs to incur time and energy costs in searching for a suitable calling site for 
each situation and moving between calling sites. However, the benefits of such behavior are 
expected to exceed the costs, and the acquisition of a calling site suitable for each situation is 
expected to increase the fitness of the males. In the present study, we investigated the selection 
of calling sites by male frogs in a semi-natural environment. Further studies are necessary to 
clarify the relationship between calling sites, predation risk, and attractiveness to females in the 
natural environment will further enhance our understanding of male breeding behavior in frogs.
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Abstract This paper compiles the entoproct species recorded from India, Altogether 7 species belong 
to 4 genera viz. Barentsia (3 species), Loxosomatoides (2 species), Pedicellina (1 species), 
and Urnatella (1 species) were reported from India. Two species viz. Barentsia gracilis and 
Pedicellina cernua were recorded from both east and west coast of India.

Lista gatunków należących do typu Entoprocta z Indii

Słowa kluczowe Entoprocta, Kamptozoa, bioróżnorodność, lista gatunków, Indie

Streszczenie Niniejsza praca zestawia gatunki Entoprocta zarejestrowane w Indiach. W sumie 7 gatunków 
należy do 4 rodzajów, a mianowicie: Barentsia (3 gatunki), Loxosomatoides (2 gatunki), 
Pedicellina (1 gatunek) i Urnatella (1 gatunek) zostały stwierdzone w Indiach. Dwa gatunki, 
mianowicie – Barentsia gracilis i Pedicellina cernua zostały zarejestrowane zarówno na 
wschodnim, jak i zachodnim wybrzeżu Indii.

Introduction

Entoprocts (Phylum Entoprocta Nitsche, 1870 = Kamptozoa Cori, 1929) includes solitary or co-
lonial, sessile animals found mostly marine from intertidal to deep sea region. Some of them also 
known from brackish water region. About 180 species are known under this phylum (Borisanova, 
2018). Loxosomella profundorum was found at 5222 meters depth in the Kamchatka Trench of the 
Northeast Pacific (Borisanova, 2015). Urnatella gracilis Leidy, 1851 is a freshwater entropoct 
and also reported from brackish water. Loxosomatoides sirindhornae Wood 2005 recorded from 
freshwater of Thailand (Wood, 2005). These animals are found on many substrata, such as stones, 
algae, shells and other animals (Vieira, Migotto, 2011). These animals have a body that comprises 
a cuplike calyx with ciliated tentacles, supported by a stalk attached on substrata by a foot or 
stolon. 

#0#



Tapas Chatterjee

54

Annandale (1908) studied entoprocts occurring in brackish water at Port Canning, West 
Bengal, India and created the genus Loxosomatoides. Later on, papers with records of entoprocts 
were published by Annandale (1912, 1915), Robertson (1921), Chhapgar and Sane (1966), Rao, 
Saraswathi and Bhavanarayana (1988) from Indian coast. Freshwater Indian entoproct was re-
ported by Seshaiya (1944, 1947).

Venkatraman and Wafar (2005), Alfred, Das and Sanyal (1998) referred Harmer’s (1915) 
work as work on Entoprocta from India, but Harmer (1915) in ‘Siboga expidation’ reported ento-
proct species from Malayasia, Indonesia, Singapore etc and nearby regions (Indo-Pacific Ocean) 
and not from India. 

Present paper compiles the entoproct species recorded from India. Species lists are important 
because they facilitate access to all previous data about the group under study and organize future 
research. 

Methods

The present checklist was compiled using published records. The systematic position of entropocta 
follows Nielsen (1964, 1989, 2010), Vieira and Migotto (2011). The genera and species within each 
family are arranged in an alphabetical sequence. Some localities names were changed, thus to 
avoid confusion in the checklist the new name of the locality is reported and the formerly known 
name is kept in brackets, e.g., Odisha (Orissa).

Results

Order Coloniales Emschermann, 1972 
Family Barentsiidae Emscermann, 1972
Genus Barentsia Hincks, 1880
Barentsia discreta (Busk, 1886)

Records from India. This species was reported from Port Canning, Muthla estuary in 
Gangetic delta, east coast of India on the stalk of hydroid genera Bimeria and Tubularia 
(Annandale, 1912, 1915). It was also reported from Visakhapatnam harbour, Bay of Bengal as 
a fouling community (Rao et al., 1988).

Distribution. This is cosmopolitan species with records in Pacific, Arctic, Atlantic, 
Mediterannean, Antarctic and Indian Ocean (Emschermann, 1993; Wasson, 1997).

Remarks. It was found on many living and non-living substrata from the intertidal zone to 
500 m depth; reported from exposed and protected coasts, as well as from harbours (Wasson, 
1997).

Barentsia gracilis (M. Sars, 1835)
Records from India. This species was reported from Chennai (Madras) harbour, Tamil Nadu, 

Bay of Bengal (Annandale, 1912). It was also reported from Mumbai (Bombay) coast, Maharastra, 
Arabian Sea (Chhapgar, Sane, 1966). This species was also reported from Visakhapatnam har-
bour, Bay of Bengal as a fouling community (Rao et al., 1988).

Distribution. Eastern Atlantic, Indo-west Pacific, Indian Ocean.
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Remarks. This species was recorded from both east and west coast of India (Bay of Bengal 
and Arabian Sea). Chatterjee et al. (2022) reported peritrich ciliate Cothurnia cf. pedunculata 
Dons, 1918 as  epibiont on  entoproct Barentsia sp. from Worli, Mumbai coast; needs further 
investigation to determine the exact nature of the Barentsia species. 

Barentsia ramosa (Robertson, 1900)
Records from India. This species was reported from Visakhapatnam harbour (Bay 

of Bengal) as a fouling community (Rao et al., 1988).
Distribution. North eastern Pacific (e.g., Robertson, 1900; O’Donoghues 1923, 1926; Fraser, 

1932; Osburn, 1953; Ricketts, Calvin, Hedgpeth, Phillips, 1985; Wasson, 1997); Netherlands 
(Nielsen, 1989; Emschermann, 1994); Bay of Bengal, India (Rao et al., 1988).

Remarks. Wasson (1997) doubted and tentatively added Rao’s (1988) species designated as 
B. ramosa, commented that ‘it is odd that a species that is rare and limited to the surf-zone on 
the Pacific coast should thrive in brackish water fouling communities elsewhere in the World’.

Emschermann (1994, reported in Nielsen, 1989), found colonies resembling those of B. ra-
mosa in Doel Harbor, the Netherlands collected in a fouling community in brackish water, between 
1962 and 1964, but the population subsequently disappeared. Wasson (1997) also doubted about 
its identity and tentatively added to the synonymy for B. ramosa. 

Genus Urnatella Leidy, 1851
Urnatella gracilis Leidy, 1851

Records from India. This species was reported from Annamalainagar Tamil Nadu, South 
India as a new species Urnatella indica Seshaiya, 1947 collected among the living shells of mol-
lusca – Paludomus, Podomida, and Lamellidens (Seshaiya, 1947 ). Several specimens were also 
collected from the actual habitat and many of them were kept under observation in the aquaria 
of the laboratory for few months (Seshaiya, 1944).

Distrbution. North America (e.g., Leidy, 1851, 1884; Prenant, Bobin, 1956; Davis, 1957; 
Weise, 1961; Poirrier, Johnson, 1970); Europe (eg., Damas, 1939, Bacescu, 1954; Zambriborshch, 
1958; Ludemann, Kayser, 1961; Seberstyén, 1962; Lukacsovics, Pécsi, 1967; Skylarova, 1969; 
Pécsi, Kiss, 1969; Pécsi, Erdelics, 1970; Emsehermann, 1965a, b, 1972; Vranovsky, 1994; 
Vranowski, Sporka,1998; Volstal, Kundrat, Pirčová, Kubiš, 1996; d’Hondt, Morgillo, Gontier 
2002); South America (eg., Bonetto, Cordiviola, 1963; Mane-Garzon, 1964; du Bois-Reymond-
Marcus, 1984); Africa (Wiebach, 1965; Gugel, 1993); Asia: Japan (Ikeda, 1977; Oda, 1982), India 
(Seshaiya, 1947). Oda (1982) summarized the distribution of this species.

Remarks. Seshaiya (1947) proposed Urnatella indica as new species based on specimens 
collected from freshwater of South India. Nielsen (1989) considers U. indica to be synnymous 
with U. gracilis. d’Hondt et al. (2002) also followed U. indica as a junior synonym of U. gracilis. 
Carlton (2009) mentioned Urnatella indica under ‘pseudoindigenous species’ (introduced spe-
cies mistaken as native – indigenous or endemic species) and made catagorised as introduced 
species re-described as ‘new’ following their introduction to a region. Urnatella dnjestriensis 
Zambriborshch, 1958 was described from USSR (Zambriborshch, 1958) was also considered as 
junior synonym of U. gracilis by Nielsen (1989). Urnatella gracilis is a freshwater species but 
also reported in slight brackish water region (Poirrier, Johnson, 1970; Tachet, Richoux, Bournaud, 
Usseglio-Polatera, 2000; Zaitsev, Oztjirk, 2001).
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Family Pedicellinidae Johnston, 1847 
Genus Pedicellina (Pallas, 1774)
Pedicellina cernua (Pallas, 1774)

Records from India. This species was reported from Puri, Odisha (Orissa) state, Bay 
of Bengal found growing on twigs (Robertson, 1921). It was also reported from Mumbai (Bombay) 
coast, Maharastra, Arabian Sea (Chhapgar, Sane, 1966). This species was also reported as a foul-
ing community from Visakhapatnam harbour, Bay of Bengal (Rao et al., 1988; Pati, Rao, Balaji, 
2014, 2015).

Distribution. Pacific, Arctic, Atlantic, Mediterannean, Antarctic and Indian Ocean.
Remarks. This species was recorded from both east and west coast of India (Bay of Bengal 

and Arabian Sea).

Order Solitaria Emschermann, 1972 
Família LOXOSOMATIDAE Hincks, 1880 
Genus Loxosomatoides Annandale, 1908
Loxosomatoides colonialis Annandale, 1908

Records from India. This species was reported from Port Canning, South 24 Parganas, West 
Bengal in brackish pond growing amidst dense colonies of bryozoans Victorcella Bowerbankia , 
Irene, and also on grass stem (Annandale, 1908, 1915).

Distribution. India, Bay of Bengal (Annandale, 1908, 1915).
Remarks. Woods (2005) commented that Loxosomatoides colonialis Annandale 1908, 

was reported to form a two-chambered hibernaculum (Wasson, Holle, Toft, Ruiz, 2000) but no 
description has yet been published.

Loxosomatoides laevis Annandale, 1915
Records from India. This species was reported from Chilka Lagoon (Barakuda, 

Manikapatna) on oyster-beds of Manikpatna (Annandale, 1915). It was also reported from Ennur 
Backwater, a few miles up the coast from Chennai (Madras) on oyster-beds (Annandale, 1915). 
This species was also reported from Visakhapatnam harbour, Bay of Bengal as a fouling com-
munity (Rao et al., 1988).

Distribution. India: Bay of Bengal – Chilka lagoon, Chennai, Viskhapatnam (Annadale, 
1915; Rao et al., 1988), Japan : Matsushima Bay – Honshu (Toriumi, 1951); Eastern North America 
(Atlantic Coast): Chesapeake Bay – Maryland and Virginia, USA (Wasson et al., 2000).

Remarks. Wasson et al. (2000) synonymized L. japonicum reported from Matsushima Bay, 
Honshu with L. Laevis.

Discussion

Altogether 7 species belong to 4 genera viz. Barentsia (3 species), Loxosomatoides (2 species), 
Pedicellina (1 species), and Urnatella (1 species) were reported from India. Urnatella gracilis 
was reported from freshwater. Two species viz. Barentsia gracilis and Pedicellina cernua were 
recorded from both east and west coast of India.

Pati et al. (2015) discussed on diversity and abundance of biofoulers altered since the environ-
mental conditions changed in Visakhapatnam harbour and mentioned one entoproct Pedicellina 
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cernua in the biofoulers list. But surprisingly, they did not mention earlier work of Rao et al. (1988) 
on entoprocts as biofoulers reported from Visakhapatnam harbour.

Five species of entoprocts viz. Barentsia discreta, B. gracilis, B. ramosa, Loxosomatoides 
laevis and Pedicellina cernua were found as biofoulers reported from Visakhapatnam harbour, 
east coast of India (Rao et al., 1988).

The study of Indian entroproct is far from complete. Vast stretches of the long Indian coast-
line almost remain unexplored for the entoproct fauna except few records from certain small 
areas. It is difficult at present to determine the nature of the regional distribution of species and 
more studies are needed to get better idea about species of Indian entoprocts. 
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Abstract The article deals with the report of suctorian ciliate Lecanophryella indica from new locality 
(Mumbai, west coast of India, Arabian Sea) and new host – harpacticoid copepod. The rede-
scription of the species is presented. The possible prevalence of L. indica to localization on 
host cephalothorax is also discussed. 

Doniesienie o Lecanophryella indica (Ciliophora, Suctorea) jako epibioncie na widłonogu 
rzędu Harpacticoidae z wybrzeża Bombaju w Indiach (Morze Arabskie)

Słowa kluczowe epibioza, orzęski, Lecanophryella indica, żywiciel z rzędu Harpacticoidae, Bombaj

Streszczenie Artykuł dotyczy doniesienia o występowaniu orzęska Lecanophryella indica z nowego 
stanowiska (Bombaj, zachodnie wybrzeże Indii, Morze Arabskie) i jego nowego gospoda-
rza – widłonoga z rzędu Harpacticoidae. Przedstawiono opis gatunku i omówiono możliwe 
występowanie L. indica w nietypowej lokalizacji na głowotułowiu gospodarza.

Introduction

Epibiont ciliates from the west coast of India were studied by many authors (e.g., 
Santhakumari, 1985, 1986; Chatterjee, 1996; Dovgal, Chatterjee, Ingole, 2008, 2009; Chatterjee, 
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Fernandez-Leborans, Ramteke, Ingole, 2013; Chatterjee, Nanajkar, Dovgal, 2019a; Chatterjee, 
Dovgal, Nanajkar, Bogati, 2019b; Chatterjee, Dovgal, Nanajkar, 2020a, b, c; Chatterjee, Dovgal, 
Vieira, Dutta, Nanajkar, 2020d). Two representatives of genus Lecanophryella Dovgal, 1985 
were registered near Indian coast. Lecanophryella satyanandani (Santhakumari, 1986) were 
reported as epibiont on ostracod Cypridina dentata (Müller, 1906) from Southwest coast of India 
(Santhakumari, 1986); North Eastern Arabian Sea,13°20′35″ N 73°44′45″ E (Padmakumar, 2015) 
and central west coast of India, Arabian Sea 13°20′35″ N 73°44′45″ E (Chatterjee et al., 2019b). 
Chatterjee et al. (2019b) reported a new species L. indica as epibiont on planktonic cyclopoid 
copepods from surface waters of Zuari estuarine mouth, West coast of India, Arabian Sea. 

We report here L. indica from new locality – Mumbai, west coast of India, Arabian Sea 
(Figure 1) and new host – harpacticoid copepod.

Figure 1. Map of the collection site
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Material and methods

Infested harpacticoid copepod was collected from Worli – Arabian Sea, Mumbai coast, Latitude 
19°0′41.44″N, Longitude 72°48′54.01″E (Figure 1); date of the collection – 11.01.2021, Collector: 
Sabyasachi Sautya and Sunil Kumar Padhi. Infested harpacticoid copepod was mounted on 
a 50% glycerine slide and sealed with DPX. Further microscopic analysis was carried out using 
Nikon SMZ18 and Nikon Eclipse Ei compound microscope. Photomicrographs were obtained by 
using a Nikon Digital sight 1,000 digital camera. Measurements of ciliates were made using the 
software NIS Elements and TopView 3.7 for processing of digital images. The systematic position 
of suctorian ciliates follows Dovgal (2002, 2013). Specimens are kept in the collection of the 
second author (SS) in CSIR – National Institute of Oceanography, Mumbai.

Result and discussion

Class Suctorea Claparède & Lachmann, 1859
Subclass Exogenia Collin, 1912
Order Vermigemmida Jankowski, 1973
Family Lecanophryidae Jankowski, 1973
Genus Lecanophryella Dovgal, 1985
Lecanophryella indica Chatterjee, Dovgal, Nanajkar & Bogati, 2019 (Figures 2, 3)

Figure 2. Lecanophryella indica on harpacticoid host body from Mumbai
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Figure 3. Magnified view of Lecanophryella indica from Mumbai

Material examined. Two individuals were found inhabiting antero on the cephalothorax 
of two harpacticoid copepods, collected from Worli intertidal rocky coast, Mumbai, West coast 
of India.

Description based on present specimen (Figures 2, 3). Suctorian ciliate with elongated, 
slightly laterally flattened body, which narrowed at the bottom, with a short, straight stalk. 
There are two trapezoidal actinophores, bearing with from 9 to 12 contractile clavate tentacles. 
Macronucleus elongated, medial, slightly inclined with respect to the longitudinal axis of the body. 

Measurements, in µm, taken from one individual (and inside parentheses measurements 
are given by Chatterjee et al., 2019b for comparison): Total length of body 97 (191–251 by 
Chatterjee et al., 2019b); length of the extended (upper) body part 75 (128–159); width of the 
extended body part 34 (22–45); length of the constricted (lower) part of the body 24 (63–92); 
width of the constricted body part 14 (34–86); actinophore length 24 (47–54); actinophore width 
7 (8–36); stalk length 14 (18–22); stalk diameter 4; tentacle length 12–32 (9–62). Size of macro-
nucleus 10 × 21 (41–79 × 16–23).

Localization. Сephalothorax of harpacticoid host. 
Host and distribution. This species was earlier reported from Surface waters of Zuari 

estuarine mouth, 15°24′09″N 73°48′34″E West coast of India, Arabian Sea on planktonic pelagic 
cyclopoid copepods (Chatterjee et al., 2019b). In present paper this species is reported here as 
epibiont on harpacticoid copepods from Mumbai coast, West coast of India, Arabian Sea.

Remarks. Present report is first record of this species from Mumbai coast. It is also first 
report of this species found as epibiont on harpacticoid copepods. Earlier report was as epibiont 
on planktonic cyclopoid copepod (Chatterjee et al., 2019b). The similar localization of L. indica 
on the bodies of both host species (on cephalothorax) perhaps indicative of certain prevalence 
of the species in localization of the host body. 
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Abstract In spite, of being the most threatened coastal habitats in the world, mangrove ecosystems offer a 
host of goods and services to the coastal communities. With over 4,975 sq.km of the mangrove 
area, India has the largest mangrove in Asia that constitutes about 45% of the total mangrove 
cover in South Asia. Mangroves are ecologically significant for their role in shoreline protection 
but it also acts as important reservoirs of biodiversity comprising both terrestrial and aquatic 
species. In the present communication, we reviewed the published literature on meiofauna 
found associated with mangroves. These microscopic organisms occur in very high densities in 
mangrove sediment and thus constitute a major component of the diet of commercially impor-
tant fish and prawn larvae. In addition to the importance of meiofauna in the benthic food chain, 
larval feeding, meiofauna is also used very effectively in coastal environmental monitoring. 
While a significant number of scientific reports are published involving studies on meiofauna 
of Indian mangroves, the majority of these studies have focused only on the phylum of taxon 
or group level identification. Moreover, only a few of the studies have highlighted the role 
of food availability and abundance of meiofauna within the mangrove mudflat. Consequently, 
we recommend that future studies should explore the role of meiofaunal species, especially the 
dominant taxa, in the mangrove ecosystem functioning. 

Trendy w badaniach meiobentosu namorzynowego w Indiach: przegląd

Słowa kluczowe meiofauna, namorzyny, Indie, trendy badawcze

Streszczenie Pomimo tego, że są najbardziej zagrożonymi siedliskami przybrzeżnymi na świecie, ekosyste-
my namorzynowe oferują społecznościom przybrzeżnym wiele dóbr i usług. Z ponad 4975 km2 
powierzchni namorzynów, Indie mają około 45% całkowitej pokrywy namorzynowej w Azji 
Południowej. Namorzyny mają znaczenie ekologiczne ze względu na swoją rolę w ochronie 
linii brzegowej, ale pełnią również funkcję ważnych rezerwuarów różnorodności biologicznej 
obejmującej zarówno gatunki lądowe, jak i wodne. W niniejszym komunikacie dokonaliśmy 
przeglądu opublikowanej literatury dotyczącej meiofauny związanej z namorzynami. Te 
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mikroskopijne organizmy występują w bardzo dużym zagęszczeniu w osadach namorzyno-
wych, a zatem stanowią główny składnik diety larw ryb i krewetek ważnych z handlowego 
punktu widzenia. Oprócz znaczenia meiofauny w bentosowym łańcuchu pokarmowym, 
żerowania larw, meiofauna jest również bardzo skutecznie wykorzystywana w monitoringu 
środowiska przybrzeżnego. Chociaż opublikowano znaczną liczbę doniesień naukowych 
dotyczących badań nad meiofauną indyjskich namorzynów, większość tych badań skupiała się 
jedynie na identyfikacji taksonów. Co więcej, tylko kilka badań podkreśliło rolę dostępności 
pożywienia i obfitości meiofauny w murawach namorzynowych. W związku z tym zalecamy, 
aby w przyszłych badaniach zbadać rolę gatunków meiofaunalnych, zwłaszcza taksonów 
dominujących, w funkcjonowaniu ekosystemu namorzynowego.

Introduction

‘Ecologically, the mangrove environment, bordering tropical and subtropical estuaries and open 
seafront, represent a transitional area between the marine and terrestrial biotopes and thus forms 
an integral part of the intertidal or littoral zone’ (Parulekar, 1994). Mangroves swamps or forests 
are typical of sheltered shores in the tropics and subtropics. 

India had a mangrove cover of about 6,749 km2, the fourth largest mangrove area in the 
world (Naskar, Mandal, 1999). About 8% of the Indian coastline is reported to be occupied by 
mangroves (Untawale, Wafar, Jagtap, 1982). It has been estimated that about 82% of the total 
mangrove forest in India, is along the east coast (including Andaman-Nicobar Islands), while the 
west coast of India has only 18% mangrove cover (Untawale, 1984). However, a recent assessment 
shows that India has a total mangrove cover of only 4,628 km2 (FSI 2013), or 0.14% of the country’s 
land area, 3% of the global mangrove area, and 8% of Asia’s mangroves. Mangroves are declining 
rapidly as they are getting degraded for agriculture, aquaculture, tourism, urban development and 
over-exploitation. Consequently, India lost ~40% of its mangrove area during the last century 
(Sahu, Suresh, Murthy, Ravindranath, 2015).

India’s mangroves can be broadly categorized into three types according to Thom’s classifi-
cation of estuary habitats: a) Deltaic – found along the east coast within the deltas of the Ganges, 
Brahmaputra, Mahanadi, Krishna, Godavari and Cauvery rivers etc; b) Backwater-estuarine – 
found on the west coast in the estuaries of the Indus, Narmada and Tapti Rivers. They are also 
growing in the backwaters, creeks and neritic inlets of these areas and c) Insular types – is found 
in the Andaman and Nicobar Islands (Mandal, Naskar, 2008; Sahu et al., 2015).

Mangroves are ecologically significant for their role in shoreline protection and also act as 
important reservoirs of a large number of species. Mangrove leaves that fall onto the sediment 
decompose and a succession of species found associated with their decomposition (Schrijvers, 
Okondo, Steyaert, Vincx, 1995; Gee, Somerfield, 1997; Somerfield, Gee, Aryuthaka, 1998; Zhou 
2001). Meiofauna play an important role in litter degradation of mangrove sediment (Nagelkerken 
et al., 2008). Meiofaunal organisms also constitute the major component of the diet of larval 
forms of fish, crustaceans and other macro-organisms (Coull, Greenwood, Fielder, Coull, 1995; 
Dittel, Epifanio, Cifuentes, Kirchman, 1997). The breathing root, pneumatophores in mangroves 
are colonised by macro-epibenthos (eg. algae, sponges or barnacles), also promote the presence 
of meiofauna (Gwyther, Fairweather, 2005; Pinto et al., 2013).

Studies of meiofauna in the mangrove have been conducted in India (e.g., Krishnamurthy, 
Sultan Ali, Jeyaseelan, 1984; Ansari, Sreepada, Matondka, Parulekar, 1993; Kondalarao, 1983; 
Sarma, Wilsanand, 1994; Thilagavathi, Das, Saravanakumar, Raja, 2011), Australia (Hodda, 
Nicholas, 1985; Alongi, 1987a, b, c, 1988, 1990; Alongi, Christoffersen, 1992; Abdullah, Lee, 
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2017), South Africa, Kenya and associated area (Dye, 1983a, b; Ólafsson, 1995; Ólafsson, 
Carlström, Ndaro, 2000; Mutua, 2013), Malaysia (Sasekumar, 1994; Somerfield, 1998; Gee, 
Somerfield, 1997), America (Hopper, Fell, Cefalu, 1973; Fell, Cefalu, Masters, Tallman, 1975), 
Caribbean islands (Armenteros et al., 2006) etc.

Considering the ongoing global loss of mangrove habitats, it is necessary to raise awareness 
of the biodiversity of mangrove-associated fauna that might soon be lost, and hence there is 
an urgent need to work on biodiversity conservation. In the present study, we have undertaken 
a review of trends in mangrove meiobenthic studies in India and attempted to compare the Indian 
research with global status.

Results

A brief idea about the Research publications

In the early 1970’s Ganapati and Sarma studied the meiofauna and pollution in Visakhapatnam 
(Andhra Pradesh) harbour. In this study, one of the stations was on an open mangrove swamp and 
comparatively free of pollution. Samples from this area were used as a baseline for comparison 
with those from other stations subjected to pollution from harbor-related activities. It was also 
found that maximum densities of meiofauna, both qualitatively and quantitatively were in the 
mangrove swamp extension (Ganapati, Sarma, 1973).

Sultan Ali, Krishnamurthy and Prince Jeyaseelsn (1983) studied the composition of nema-
todes in connection with the energy flow of the mangrove ecosystem in Pichavaram, Tamil Nadu. 

Krishnamurthy et al. (1984) investigated meiofauna from intertidal sediments of Pichavaram 
mangroves, Tamil Nadu, Southeast coast of India and recorded total densities in the range 
of 35–280 individuals per 10 cm2 with 27 genera and 4 species of nematodes.

Kondalarao (1983, 1984) studied the meiobenthic harpacticoid copepods in Goutami 
Godavari estuarine system and reported the mean highest density of harpacticoid at a station lo-
cated in a mangrove biotope. Murty and Kondalarao (1987) also studied meiofauna from Goutami 
Godavari estuarine system with a station in mangrove biotope.

Nematodes were the dominant taxon followed by copepods in South Andaman mangrove 
sediments; the bulk of fauna occur in superficial layers of the sediment (Rao,1986). 

Sinha, Choudhury and Baqri (1985) described a new species of nematode Indoditylenchus 
sundarbanensis based on females from detritus-rich mangrove litter soil around roots of Avecennia 
officinalis at the Prentice island, Sundarban, West Bengal. Subsequently, Sinha, Baqri and 
Choudhury (1989) described the male I. sundarbanensis from the same locality. Das and Roy 
(1989) and Mandal and Nandi (1989) reported some free-living nematodes from the mangrove area 
of Andaman and Nicobar Islands and Sundarban respectively. Sinha et al. (1987) recorded a new 
species of nematode Anoplostonla macrospiculum from the mangrove environment of deltaic 
Sundarbans, West Bengal, India. While Sinha and Choudhary (1988) also reported seventeen 
stylet bearing nematodes from the Sunderbans mangrove. Sinha et al. (1989) also described a new 
nematode species Nothocriconema bengalensis based on females from mangrove litter soil around 
roots of Excoecaria agalocha, Acanthus ilicifolins, Broguiera gymnorhyza in the mid littoral zone 
of Harinbari mangrove swamp, Sagar island, Sundarban, West Bengal. Das and Dev Roy (1989) 
have provided a list of meiofauna from the mangrove sediments of south Andaman.

Meiobenthic fauna of Saphala salt marshes (extended estuarine wetlands or mudflats lined 
by fringing mangroves) of the west coast of India was reported by Ingole, Ansari and Parulekar 
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(1987). The salt marsh falls under the backwater of river Vaiterna and two bifurcating creeks, 
Sarwar and Mande north of Mumbai. Both the creeks have dense mangrove vegetations comprised 
of Avecennia officinalis, A. marina and Ceriops tagal. The meiofauna comprises 10 taxonomic 
groups dominated by nematodes, harpacticoids, turbellarians, crustacean nauplii, and polychaetes. 
While describing the harpacticoid community of the Saphala mangrove –salt marsh, in northern 
Maharashtra Ingole, Ansari and Parulekar (1990) reported 21 copepod species. Most dominant 
among the copepods were Stenhelis longifurca; Helectinosoma curticorne and Ctenocamptus 
confluence which accounted for >60% of the harpracticoid population density.

Ansari et al. (1993) worked at Chicalim, on the south bank of Zuari estuary Goa, sediment 
from mangrove mudflat. The sediment was loose mud comprising of silt and detritus derived from 
mangrove foliage. Mangrove community was dominated by Avicennia officinalis and Snneratia 
alba. They also described the meiofaunal stratification in relation to available microbial food. 
The density of meiofauna was greater near the surface and decreased with increasing depth 
into the sediment. The meiofaunal abundance was related to the availability of food such as 
chlorophyll-a concentration, diatom number and bacteria count. Meiofauna was dominated by 
nematode followed by Turbellaria, harpacticoids, oligochaetes and gastrotrichs. Among biochemi-
cal components, total organic matter and ATP showed a positive significant correlation with the 
meiofaunal density.

Sarma and Wilsanand (1994) reported the littoral meiofauna of Bitrakanika mangroves 
sediments of river Mahanadi system, in the Orissa state, east coast of India. They concluded that 
meiofauna was comprised of 11 major taxa, of which nematodes were the dominant group.

Goldin, Mishra, Ullal, Athalye and Gokhale (1996) studied meiobenthos in clayey silty 
sediment of mangrove (Avicennia laba) mudflat from the shallow region of Thane creek, south 
of Mumbai harbour Maharashtra, the central west coast of India. Meiofauna was dominated by 
nematodes. The silt constituent often showed a significant positive correlation with meiobenthic 
and nematode abundance and a negative correlation with tube building polychaetes. They com-
mented ‘A significant observation was the absence of copepods in the meiobenthos indicating the 
high intensity of pollution”. They also commented on another significant point that the higher 
presence of macrobenthos in some stations reduced the meiobenthic contribution by approxi-
mately 38% suggesting that the meiobenthic abundance is mainly governed by interaction with 
macrobenthos rather than any other parameters.

Kumar and Hussain (1997) reported 10 ostracode species from the sediments of Pitachavaram 
mangrove while Arul, Sridhar, Hussain, Darwin Felix and Periakali (2003) reported 29 species 
from the same area.

Sunil Kumar (2000) made a review on soil-dwelling organisms in Indian mangroves and also 
reported work on meiofauna from Indian mangroves along with co-authors. Sunil Kumar (2001) 
also made a checklist of polychaetes annelids from the Indian mangrove environment.

Chinnadurai and Fernando (2003) studied the meiofaunal density in Pitchavaram mangrove, 
along with environmental variables like temperature, salinity, dissolved oxygen, organic carbon 
and sediment. Rhizophora apiculata and Avicennia marina mangroves grow in that area. The man-
grove regions harbour a very high density of meiofauna though not very diverse. Chinnadurai and 
Fernando (2006a) reported new records of nematodes from Pitachavaram mangrove sediments. 
Six species viz. Ptycholaimellus ponticus, Paracomesoma dubium, Desmodora (Desmodorella 
tenuispiculum, Camacolaimus barbatus, Haliplectus dorsalis and Thalassomonhystera parva) 
and one genus (Pseudolella sp) were recorded for the first time from the intertidal sediments. 
Chinnadurai and Fernando (2006b) made a survey to examine spatial variations of meiofaunal 
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population density and the assemblage of free-living marine nematodes from areas with dif-
ferent mangrove cover from Cochin, Kerala, Southwest coast of India. Seven major taxa were 
recorded. Nematodes were the most dominant taxon, contributing 51.2–97.3% of the total fauna. 
A maximum meiofaunal density of 508 ind. 10 cm2 was recorded in an area with Avicennia marina 
cover. A total of 16 nematode genera belonging to 23 species were recorded with Dorylaimopsis 
being the abundant genus in areas with A. marina and Sonneratia caseolaris mangrove cover 
and Daptonema in areas with Rhizophora apiculata cover. Eleven genera were observed in the 
area with A. marina cover compared to R. apiculata and S. caseolaris cover, which harboured 
nine genera. Only one species (Daptonema oxycerca) was common to all five stations regardless 
of plant cover. Epistrate-feeders constituted the bulk of the nematodes in areas with A. marina 
and S. caseolaris cover, whilst deposit-feeders/ ciliate feeders were dominant in areas with R. api-
culata cover. The maximum concentration of meiofauna especially nematodes, copepods, and 
kinorhynchs were found during summer in Pitchavaran mangrove area (Chinnadurai, Fernando, 
2003). Five species of free-living marine nematodes are recorded from intertidal sediments 
of an artificial mangrove environment at Parangipettai, southeast coast of India for the first time 
(Chinnadurai, Fernando, 2006c).

Chinnadurai and Fernando (2007a) conducted an experiment at the Vellar estuary to investi-
gate the impact of mangrove leaves on meiofaunal density. It was observed that immediately after 
the next day of the experiment, meiofaunal abundance was observed more in areas with Avicennia 
marina leaves than the control, while in areas with Rhizophora apiculata leaves, the density was 
always less than the control. The differences in the texture and quality of the mangrove plant 
determine the composition and abundance of the meiofaunal populations.

Chinnadurai and Fernando (2007b) described the spatial variations of meiofauna population 
density and the assemblage of free-living marine nematodes in areas with Avicennia marina 
and Rhizophora apiculata from Pichavaram and Parangipettai (southeast coast of India). Seven 
meiofauna taxa were recorded, with a maximum density of meiofauna in an area with A. marina 
cover. Nematodes accounted for up to 93.1% of the total densities followed by Foraminifera 
and Polychaeta. A total of 44 species of nematodes belonging to 36 genera and 20 families 
were recorded. Of these, 37 species belonging to 30 genera and 17 families were recorded from 
Pichavaram mangrove and 14 species belonging to 10 families from a nearby artificial mangrove 
environment.

Thilagavathi et al. (2011) reported meiofauna in Muthupettai mangrove forest, east coast 
of India located in Sethukuda and compared with the adjacent open sea. Avicennia marina is the 
predominant mangrove species in the mangrove forest, which determines the particles size present 
in the sediment, mainly inhabiting burrowers such as nematodes and higher density of meiofauna.

Rajeshwararao, Geetha and Shanmhugavel (2012) carried out detailed investigations on 
benthic foraminifera taxonomy and ecology of two mangrove areas (new artificially planted 
mangroves at Pazhaiyakayal and the old, already flourishing mangroves near the salt pans, south 
of Tuticorin). They reported 19 benthic foraminiferal species. 

Savurirajan, Jayabarathi, Padmavati and Ganesh (2012) studies meiofauna in mangrove 
regions of Burmanallah, Carbyn’s Cove, Panighat and Sippighat of Andaman & Nicobar Islands. 
They reported 30 genera under 22 families of meiobenthic groups were recorded; among the dif-
ferent groups, the nematodes were recorded 9 genera representing 7 families and the polychaetes, 
6 genera under 5 families. 
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Sundaravarman, Kathiresan, Saravanakumar and Balasubramanian (2012) studied macro 
and meiofauna of Muthupet mangrove forest in Tamilnadu and reported foraminiferans as the 
dominant in density followed by nematodes, turbellarians, ostracodes and harpaticoid copepods.

Sahoo, Suchiang, Ansari (2013) studied the meiofauna in mangroves from ‘Salim Ali Bird 
Sanctuary’ (SABS), Chorao Island, Goa, central west coast of India. The study region is a mixed 
mangrove area having patches of Sonneratia alba, Rhizophora mucronata, Avicennia officinalis, 
and Bruguiera cylindrica. Lumnitzera racemosa, Aegiceras corniculatum, Excoecaria agallocha, 
Acanthus illicifolius, Xylocarpus spp. are sparsely distributed. They recorded 12 meiofaunal taxa 
from the sediments of the four vegetations. Nematodes dominate in the sediment of all vegetation 
and the density ranged from 71.2–76.3%. Sonneratia harboured 11 taxa followed by Rhizophora 
(eight taxa), Bruguiera (eight taxa) and the minimum Avicennia (seven taxa). They further re-
ported that harpacticoid copepods were the second dominant group in Avicennia and Rhizophora 
constituting 17.9% and 17.4% respectively; whereas in Sonneratia copepods were replaced by 
foraminifera (10.5%) and in Bruguiera by oligochaetes (9.3%) although harpacticoids were present 
in significant numbers (9.1%).

Ansari, Manokaran, Raja, Lyla and Khan (2014) analysed free-living marine nematode 
diversity between Avicennia marina and Rhizophora mucronata mangrove covers of the Vellar 
Estuary (southeast coast of India). A total of 4,976 specimens of free-living marine nematodes 
were collected belonging to 56 species. Comparatively, a higher species richness was obtained 
for A. marina (52 species) than for R. mucronata (44 species), whereas 40 species commonly 
existed in both mangrove covers. A higher density of nematodes was found in sediments of sandy 
nature, whereas there was lower total organic carbon compared to silt/clay composition; epigrowth 
feeders were dominant over the other feeding groups based on organic enrichment in surface 
sediments.

Vidya and Patil (2014) studied the foraminifera assemblages in mangrove sediment from 
Chithrapu, Karnataka and Kumbla, Kerala. They reported 59 species belonging to 32 genera.

Bhaduri et al. (2015) provided a list of free-living nematode species recorded from the selec-
tive sandy beach sediments, including some collections from the estuarine – mangrove regions. 
Ten families, 16 genera and 24 species were encountered from the muddy mangrove sediments. 
Intrestingly four families viz. Anoplostomaeidae, Comesomatidae, Anoplostomoeidae and 
Linhomoeidae were exclusively found in muddy mangrove habitat.

Annapurna, Rao and Vijaya Bhanu (2015) reported meiofauna from Kakinada Bay, Gaderu 
and Coringa estuarine complex. The is bound on the south by dense mangrove vegetation and ex-
tensive mudflats intercepted by a network of tidal creeks, estuarine gullies and swamps emanating 
from one of India’s largest river systems namely, the river Godavari. The meiobenthic abundance 
was dominated by Nematoda (37%), Copepoda (15.0%), Foraminifera (13.1%), Polychaeta (9.9%), 
Ostracoda (6.2%), Archiannelida (2.0%), Kinorhyncha (2.4%) and others (14.3%). Nematodes were 
the dominant group and contributed on an average 45.61% (monsoon), 36.17% (post-monsoon) and 
33.91% (pre-monsoon) of the total meiobenthic fauna. Copepods were the second largest group, 
constituted on an average 6.34% (monsoon), 13.19% (postmonsoon) and 20.71% (pre-monsoon) 
of the total meiobenthic fauna.

Kurapati, Dogiparti, Daddu (2016) studied meiofauna in Bhavanapadu creek, Srikakulam, 
Andhra Pradesh (east coast of India). The dwarf mangroves occupied along the creek act as 
a good habitat for faunal diversity. The main meiofauna groups were copepods, nematodes and 
foraminiferans. Nematodes were mostly observed in clay regions of mangrove areas.
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Parsath, Balasubramaniam, Marimuthu and Jayaraj (2017) reported two marine nematodes 
species Sphaerolaimus balticus and S. islandicus from Sipphighat mangrove region of South 
Andaman. Parsath, Balasubramaniam and Jayraj (2018) also reported spatial and seasonal 
variations in the population density and the assemblage of free-living marine nematodes in 
the mangrove sediments of the Andaman Islands. The decrease in the nematode community in 
mangrove habitat of Andaman Islands during monsoon may be due to fluctuation in temperature, 
low salinity and low organic carbon and presumed that environmental factors like temperature, 
salinity, pH, and and sand could also influence the community structure (Parsath et al., 2018).

Ansari and Bhadury (2017) provided a checklist of free-living marine nematodes from the 
mangrove ecosystem of Sundarbans (Bay of Bengal). The species list contains 179 species in 
84 genera and 29 families. 

Halacarid mites associated with mangroves were studied by Chatterjee, Marshall, Guru, 
Ingole and Pesic (2012) and reported a new species Acarothrix grandocularis from algal turf 
growing on Avicennia mangrove pneumatophores at Chorao Island, North Goa. Details of this 
mite species with scanning electron microscopic study was given by Chatterjee (2019) based on 
specimens collected from the Chorao Island (North Goa), Virnoda Pernem (North Goa), Chicalim 
Vasco (South Goa) and Chinchinim (South Goa) among algal turf growing on pneumatophores 
of mangroves Avicennia sp and Rhizophora sp or in mudflat associated with mangroves. 
Acarothric paulustris and Copidognathus balakrishnani were reported from algal turf growing on 
Avicennia mangrove pneumatophores at Chorao Island, North Goa (Chatterjee, Guru, Sorensen, 
2013; Chatterjee, 2015a).

Discussion

Published research work on meiofauna associated with Indian mangroves is summarized in this 
review. Accordingly, the focus of Indian meiofaunal studies has been on the ecological aspects 
and qualitative analysis of meiofauna is mostly restricted to group level identification. Very few 
studies were dedicated to the taxonomy, especially the species level identification of a particu-
lar meiofaunal groups such as halacarid mites (Chatterjee et al., 2012; Chatterjee et al., 2013; 
Chatterjee, 2015a, 2019), nematodes (Sinha et al., 1985, 1987, 1989; Chinnadurai, Fernando, 2006a, 
c, 2007b; Bhaduri et al., 2015; Parsath et al., 2017; Ansari, Bhadury, 2017), harpacticoid copepods 
(Kondalarao, 1984; Ingole, Ansari, Parulekar, 1990) and foraminifera (Rajeshwararao et al., 2012) 
but among them also some studies only listed name of the species without any taxonomic detail.

Most of the reports are based on a single attempt from a particular area which is dedicated 
to a one particular meiofaunal group mainly. Nonetheless majority of these studies also indicate 
the meiofauna in Indian mangrove is rich and diverse therefore it is pertinent to suggest that 
more dedicated attempts are required to get knowledge on the species level information and their 
functioning in a specific mangrove environment.

Nagelkerken et al. (2008) commented that nematodes were identified as the dominant taxon 
in most meiofaunal studies conducted in mangrove sediments, followed by harpacticoid copepods. 
In Indian research, meiofauna associated with mangrove also show similar trends, nematodes as 
dominant taxa in most of the studies (e.g., Ingole et al., 1987; Sahoo et al., 2013; Annapurna et al., 
2015). 

Meiofauna from Saphala salt marsh (mangrove area) showed that the meiofaunal density is 
comparable to that in the mudflats and higher than either seagrass bed or from intertidal sand 
(Ingole et al., 1987). It was also indicated that the mud flat of salt marsh (mangrove associated 
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area) may favour high meiofaunal population because of the availability of detritus which provide 
favourable niche for the development of meiofaunal population and become chief factor for the 
abundance of meiofauna in salt marsh (Ingole et al., 1987). Ansari et al. (1993) also reported that 
densities of meiofauna were highest near the surface and the abundances were related to the food 
availability such as chlorophyll-a concentration, diatom number and bacterial counts. Positive cor-
relations between meiofaunal density and diatom abundance are observed in the study of Ansari 
et al. (1993) and concluded that microbial flora are important in governing the distribution of many 
meiobenthic forms within the system.

Halacarid mite (Halacaridae, Acari) is one important component in meiofauna group. 
Halacarid mites were also reported associated with mangroves in different parts of world 
(Chatterjee, 2015b, Chatterjee et al., 2019). In India, halacarids associated with mangroves were 
studied only from Goa (Chatterjee et al., 2012, 2013; Chatterjee 2015a, 2019) and therefore the 
species inventory of this ecosystem is far from being complete. It is therefore recommended 
to have a special research focus should be set on this remarkable ecosystem in the near future 
(Chatterjee, Pfingstl, Pesic, 2019).

Kinorhynchs is reported in mangrove meiofauna as rare meiofaunal taxa, representing 
<1% of the total abundance (Hodda, Nicholas, 1986; Schrijvers et al., 1995; Della Patrona et al., 
2016), and the phylum rarely appears with relatively high abundance (Sarma, Wilsanand, 1994; 
Annapurna et al., 2015; Gomes, Santos, Alves, Rosa-Filho, Souza-Santos, 2002; Santos et al., 
2009). Most of the cases kinorhynchs found in these studies were not identified beyond the group 
level. Only nine species (determined upto specific level) of kinorhynchs reported from mangrove 
area (Zeppilli et al., 2018). In India, Higgins (1969) reported Sphenoderes indicus Higgins 1969 
from West Jamnagar, Gujarat (Gulf of Kutch, Arabian Sea), west coast India, at 6 m water depth, 
in grey-brown mangrove mud. Annapurna et al. (2015) mentioned Echinoderes bengalensis in 
their collection of Kakinada Bay (east coast of India). Sarma and Wilsanand (1994) reported that 
kinorhynchs were restricted to the station in Bitrakanika mangrove located in river Mahanadi 
with proximity to the sea.

Our review work suggests that even though a significant number of papers are published on 
meiofauna from the Indian mangrove habitat, the majority of the studies have focused only on the 
phylum of taxon or group level identification. Moreover, only a few of the studies have highlighted 
the role of food availability and abundance of meiofauna within the mangrove mudflat. In addition 
to the importance of meiofauna in the benthic food chain, larval feeding, meiofauna is also used 
very effectively in coastal, estuarine and offshore environmental monitoring (Ingole, Goltekar, 
Gonsalves, Ansari, 2005; Ingole et al., 2006; Nanajkar, Ingole, 2010a, b). We, therefore, feel and 
strongly recommend that the role of meiofauna, especially the dominant taxa, in the mangrove 
ecosystem functioning and environmental assessment need to be explored more explicitly. 
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Abstract Here we report a rotifer-ciliate-gastropod hyperepibiosis in freshwater canal, Goa, India. A ro-
tifer Philodina cf. megalotrocha Ehrenberg, 1832 was found attached on the colony of Epistylis 
plicatilis Ehrenberg, 1838 which was epibiont on gastropod Pomacea bridgesi (Reeve, 1856) . 
This is first report of a member of Epistylis as an epibiont on Pomacea bridgesi.

Raport o hiperepibiozie wrotków, orzęsków i ślimaków znalezionych na ślimaku 
(Mollusca) z Goa w Indiach

Słowa kluczowe hiperepibioza, orzęski, wrotki, ślimak, słodkowodne, Indie

Streszczenie Artykuł dotyczy doniesienia o hiperepibiozie wrotków, orzęsków i ślimaków w kanale 
słodkowodnym w Goa w Indiach. Wrotek Philodina cf. megalotrocha Ehrenberg, 1832 został 
znaleziony w kolonii Epistylis plicatilis Ehrenberg, 1838, która była epibiontem na ślimaku 
Pomacea bridgesi (Reeve, 1856). Jest to pierwsze stwierdzenie Epistylis plicatilis jako epibion-
ta na Pomacea bridgesi.

Introduction

Epibiosis is a facultative and interspecific association where one organism lives on the surface 
(epibiont) of another organism (basibiont) (Wahl, 1989). A number of peritrich ciliates are epi-
bionts on freshwater invertebrates (e.g., Precht, 1935; Jankowski, 2007; Fernandez-Leborans, 
Tato-Porto, 2000; Green, 1974; Clamp, 1973; Clamp, Chatterjee, Fernandez-Leborans, 2016; 
Chatterjee, Fernandez-Leborans, Ramteke, Ingole, 2013).

#0#
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Hyperepibiosis, in turn is the form of relation between organisms when an epibiont lodges 
on another epibiont harbouring on to a host (eg. Fernandez-Leborans, 2003b, 2013; Mestre 
et al., 2019). Ciliate-bryozoan-crustacean hyperepibiosis of the brachyuran decapods Goneplax 
rhomboids (Linnaeus,1758) colonized by the bryozoan Triticella flava Dalyell, 1884, collected 
in the north west Mediterranean coast hasbeen studied by Fernandez-Leborans (2003b). Ciliate 
hyperepibiosis on the hydrozoan Dicoryne conferta (Alder, 1856), attached to the shell occu-
pied by hermit crab Pagurus bernhardus (Linnaeus, 1758) from the west coast of Scotland was 
studied by Fernandez-Leborans (2013). Ciliate hyperepibiosis was also noted on the ostracod 
Ankylocytheres inuosa (Rioja, 1942) attached to a crayfish Procambarus clarkia (Girard, 1852) 
in the Iberian Peninsulaand Balearic Islands SW Europe (Mestre et al., 2019). Suctorian ciliate 
Tokophrya fasciculata (Lopez-Ochoterena, 1964) was observed on stalks of suctorian T. quad-
ripartita (Claparede & Lachmann 1859) and peritrich Epistylis plicatilis Ehrenberg, 1838, in 
turn colonising the shells of freshwater snails collected from Mexico (Lopez-Ochoterena, 1964). 
Recently, Chatterjee, Dovgal, Vieira, Dutta and Nanajkar (2020) reported Ciliates-bryozoan-
crustacean hyperepibiosis on crab (Decapoda: Brachyura) from the west coast of India, Arabian 
Sea. They reported ciliates Paracineta saifulae (Mereschkowsky 1877) and Cothurnia ceramicola 
Kahl 1933, that were found as epibionts on bryozoan Triticella pedicellata (Alder 1857), attached 
to the crab Atergatis sp.

Peritrich ciliates of the genus Epistylis Ehrenberg, 1830, are characterized by formation 
of colonies of zooids supported by non-contractile stalk and possession of a peristomial lip that 
folds outward when the oral area (peristome) is expanded (“epistyliform” peristome) (Clamp et al., 
2016). The ciliates of genus Epistylis are often found attached on different substrates such as mac-
rophytes, stones, and as unspecific epibionts of freshwater invertebrates, bugs, beetles, decapods, 
copepod crustaceans and gastropod molluscs (Jankowski, 2007). Epistylis were earlier reported as 
epibiont on gastropod shell (Sartini et al., 2018; Lopes-Ochoterena, 1964; Dias, D Á̀vila, Agosto, 
2006; Dias, Wieloch, D’Agosto, 2008; Utz, 2007).

In the present study, colonies of a species of Epistylis were discovered on a gastropod 
Pomacea bridgesi from Goa, India and identified as E. plicatilis Ehrenberg, 1832. This is first 
report of the member of Epistylis as an epibiont on this host.

Several species of rotifers have been found as epizoic on various aquatic invertebrates eg. 
on sponges (Berzins, 1950; Bołtruszko, 201; Bołtruszko, Ejsmont-Karabin, 2013), on crustaceans 
(Ahlstrom, 1940; Hollowday, 1949; Chengalath, Fernando, Koste, 1973; May, 1989; Cook, Chubb, 
Veltkamp, 1998; De Smet, Verolet, 2016; Dražina, Korša, Špoljar, Maguire, Klobučar, 2018), on 
molluscs (Boltruszko, 2011, Ejsmont-Karabin, Karpowicz, 2019). 

However, the cases of rotifer epibiosis on peritrichs are poorly known e.g., unidentified 
rotifers along with nematodes, and occasional copepods were found on colonies of peritrich ciliate 
Ophrydium versatile (Müller, 1786), which was a basis to seen the peritrich colony as the consortia 
(Duval, Margulis, 1995).

In this study we report a peritrich-rotifer hyperepibiosis on freshwater gastropod mollusc. 
Here we presented the characteristics of rotifer Philodina cf. megalotrocha Ehrenberg, 1832 found 
on colonial ciliate Epistylis plicatilis Ehrenberg, 1838 attached on the gastropod Pomacea bridgesi  
(Reeve, 1856) from a freshwater canal of Goa, India. 
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Material and methods

Snail Pomacea bridgesi (Gastropoda, Mollusca) was collected by 3rd and 4th authors (Mandar 
Nanajkar and Aniket Desai) from road side canal (freshwater) of Goa (Lat. 15°28′14.9″N and 
Long. 73°48′36.5″E), India. Microscopic observations and photography was carried out for snail 
and its attachments, using Olympus-SZX10 stereoscopic microscope and upright Microscope 
Olympus-BX63 with a Camera DP74 and Cell Sense Software. Specimens on the host are kept in 
the 4th author’s (Mandar Nanajkar) collection in National Institute of Oceanography Goa, India 
(CSIR-NIO).

Ciliate epibiont Epistylis plicatilis on snail Pomacea bridgesi 

Phylum: Ciliophora Doflein, 1901
Subphylum: Intramacronucleata Lynn, 1996
Class: Oligohymenophorea de Puytorac et al., 1974
Subclass: Peritrichia Stein, 1859
Order: Sessilida Kahl, 1933
Family Epistylidae Kahl, 1935
Genus Epistylis Ehrenberg, 1832

Epistylis plicatilis Ehrenberg, 1838

Brief Description. Freshwater, colonial peritrich species with dichotomously branched 
uncontractible stalk. Zooids look like an elongated funnel. The peristomial lip some wider than 
the body, peristomial disk is somewhat elevated above the peristome. Macronucleus horseshoe-
shaped, oriented transversally and positioned under peristome (Figure 1A). 

Dimensions (based on measurement of 6 living zooids, in μm). Body length 91–123, maxi-
mal body width 31–45, peristomial lip width 39–51, peristomal disc width 27–43, stalk diameter 
near base of zooid 7–10, macronucleus length 34–49, macronucleus diameter 7–11.

Remarks. Epistylis plicatilis is a common ciliate found in freshwater reported from different 
parts of India (eg., Rajabunizal, Ramanibai, 2013; Agrawal, Sanjay Thiske, Mondal, 2014; Kour, 
Gupta, 2014; Bakare, Nalawade, 2019; Bakare, Supekar, Nalawade, 2019; Gupta, Kour, Devi, 
2019) 

Rotifer epibiont on ciliate Epistylis colony which is attached to freshwater snail 
Pomacea bridgesi

Phylum: Rotifera Cuvier, 1798
Class: Eurotatoria De Ridder, 1957
Subclass: Bdelloidea Hudson, 1884
Order:  Philodinida Melone & Ricci, 1995
Family: Philodinidae Ehrenberg, 1838
Genus: Philodina Ehrenberg, 1830

Philodina cf. megalotrocha Ehrenberg, 1832

Material Examined. One rotifer individual found on ciliate Epistylis plicatilis colony at-
tached to freshwater snail Pomacea bridgesi. 
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Brief Description. Philodina megalotrocha has wide corona, which is much wider than 
cingulum. The sulcus is wide as well. One of the prominent diagnostic characteristics is the shape 
of trunk and rump. The trunk is plump and abruptly tapering to rump, which is much narrower 
than trunk; the dental formula is 2/2.

Remarks. There are six species of genus Philodina Ehrenberg, 1830 viz. Philodina brevipes 
Murray, 1902, Philodina citrina Ehrenberg, 1830, Philodina flaviceps Bryce, 1906, Philodina indica 
Murray, 1906, Philodina megalotrocha Ehrenberg, 1832, Philodina roseola Ehrenberg, 1832, 
Philodina squamosa Murray, 1906 and Philodina vorax (Janson, 1893), which were recorded from 
India. Four species viz. Philodina brevipes, Philodina indica, Philodina squamosa and Philodina 
vorax represented with only single report from India (Murray, 1906). 

Philodina megalotrocha has been reported earlier in India from Eastern Himalayas (Murray, 
1906), Andhra Pradesh (Kameswar, 1977) and Haryana (Chopra, Tyor, Kumari, 2014). Present 
report is the first report of this species from Goa state of India.

Figure 1. A. Epibiont colony attached on snail Pomacea bridgesi (Gastropoda, Mollusca); B. Epibiont 
colony of Epistylis plicatilis; C. Epibiont colony of ciliate Epistylis plicatilis and one rotifer Philodina 
megalotrocha (arrow indicating rotifer); D. Epistylis plicatilis, arrow indicating C shaped macronucleus; 
E. Two Epistylis plicatilis zooides and stalk; F. Magnified view of rotifer Philodina megalotrocha (arrow 
indicating rotifer)
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Discussion 

The Epistylis plicatilis is a ubiquitous freshwater species, which is reported from a wide variety 
of aquatic substrates, including aquatic plants, algae, crustaceans, insects and insect larvae, 
snails, and inanimate objects (Roux, 1901; Daday, 1910; André, 1912; Haempel, 1918; Kahl, 1935; 
Henebry, Ridgeway, 1979; Jankowski, 2007; Clamp et al., 2016; Keiser, 1921), also found in 
activated sludge of treatment facilities (Konstantynenko, Dovgal, 2009).

Epistylis plicatilis was frequently reported as epibiont on snail shell. For example, the species 
was found on shell of Physa acuta Draparnaud, 1805 in a eutrophic stream of Brazil (Sartini et al 
2018), on Lymnaea atenuata Say, 1829 and Physa osculan Haldeman, 1841 in a lake from Mexico 
(Lopes-Ochoterena, 1964). Dias et al (2006) reported Epistylis sp. on Pomacea lineate (Spix, 
1827). Dias et al. (2008) reported Epistylis plicatilis on Pomacea fingulina (Spix, 1827). Utz (2007) 
reported this species on Pomacea canaliculata (Lamarck, 1891) in southern Brazil.

Rotifer Philodina megalotrocha has been considered to be a cosmopolitan species (Donner, 
1965; Koste, Shiel, 1986). It is found in variety of habitats; epibenthic typically found among 
aquatic plants in running waters, pool, ponds, lakes (Donner, 1965). Philodina megalotrocha can 
attach to the lorica of other rotifers and to other aquatic organisms (Hamdan, 2010). Philodina 
megalotrocha also has been recorded as living on bryozoans (May, 1989). It should be mentioned 
that Mossallam, Amer and Abou-Ei-Naga (2013) reported relationship between Philodina sp. and 
snail Biomphalaria alexandrina.

Dias, Cabral, Siqueira-Castro, Silva-Neto and D’Agosto (2010) reported high infestation 
of peritrich ciliate Cachesium polypinum on Pomacea figulina collected from a stream receiving 
domestic sewage. Which is similar to the present study, as collection point is situated in urban 
area influenced by domestic sewage. Increase in bacterial density (serves as primary food for 
ciliates) is caused by nutrient enrichment by discharge of untreated domestic sewage in to water 
bodies (Primc, 1998).

The colonies of sessile peritrichs are often colonized by other ciliate species. For example, 
suctorians Tokophrya quadripartata Claparede & Lachmann, 1879 has been reported attached to 
the stalk of colony of Epistylis plicatilis (Edmonson, 1906; Small, 1973; Dovgal, 2013). Tokophrya 
fasciculata (Lopez-Ochoterena, 1964) was observed at stalks of suctorian T. quadripartita and 
peritrich Epistylis plicatilis, in turn colonising the shells of freshwater snails Lymnaea attenuata 
and Physa osculans (Lopez-Ochoterena, 1964). Urnula epistylidis Claparede & Lachmann, 1859, 
Mistarcon parasiticus (Nozawa, 1939), Trichophrya epistylidis Claparede & Lachmann, 1859 
were also registered on E. plicatilis (Jankowski, 2007; Dovgal, 2013). It is obvious that these 
carnivorous or parasitic species feed by zooids and telotrochs of Epistylis. 

However, there are cases wherein filter–feeding peritrich species also inhabit the colonies 
of other peritrichs (Jankowski, 2007). For example, small colonial species Epistylis epibioticum 
Banina, 1983 colonizing the larger colonies of peritrich Carchesium batorligetiense Stiller, 1953, 
E. balatonica Stiller, 1931 and E. entzii Stiller, 1935 (Jankowski, 2007).

It is possible that the epibiosis is favoured by a higher food supply. It was found 
(Konstantynenko, Dovgal, 2009) that the nutrition rates per zooid in colonial peritrich species 
(E. plicatilis, E. bimarginata Nenninger, 1948 and Opercularia phryganeae Kahl, 1935) were 
higher than the solitary species (Vorticella convallaria (Linnaeus, 1758)) and V. striata f. octava 
Dujadrin, 1841). It is the Konstantynenko and Dovgal’s opinion that team-work of peristomes 
of all zooids in colony increases the efficiency of food particle accumulation in comparison to 
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solitary species of similar size. In such a case smaller peritrich species also can take advantage 
of the water flow produced by larger species for intensifying their own feeding.

It is quite possible that multicellular filter-feeders such as bdelloid rotifers can attach to 
colonial peritrichs and may stimulate their feeding at the expense of host species. 
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Abstract The purpose of this study was to evaluate the photochemical, antioxidants and anticancer 
activity of the medicinal plant Aerva javanica. This plant belongs to the Amaranthaceae family. 
Locally it is called “bui”. It is a shrub with a long tap root that grows all over India in the 
wild. The plant extracts were prepared using ethanol, methanol and distilled water as solvents. 
The antioxidant activity was determined using DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) 
free radical scavenging activity and IC50 was determined. The total flavonoids compounds 
found in Aerva javanica ethanolic extract were (0.90 ±0.16) while the total phenolic contents 
found in ethanolic extract were (0.78 ±0.16), followed by the methanolic and aqueous extract. 
The antioxidant results of methanolic extract of Aerva javanica showed 0.78 ±0.18 percent 
inhibition and SCV 49.10% at concentration of 1.5 mg/ml, ethanolic extract showed 0.54 
±0.12 percent inhibition with 64.28% SCV. Phytochemical analysis of best result oriented 
Aerva javanica extract was done with Gas Chromatography-Mass Spectrometry (GC-MS) 
technique. The results revealed the presence of different compounds predominantly Acetone 
(1.18%), Ethyl Acetate (38.95%), (20.77%), n-Propyl acetate (4.09%), Isobutyl acetate (2.71%), 
(3.84%), isoquinoline,1-[(3,4-diethoxyphenyl)methyl]-6,7-diethoxy- (3.36%), Cyclohexanone 
(1.43%), 1,1-Diisobutoxy-isobutane (2.02%), n-Hexadecanoic acid (5.61%), Phytol (3.57%), 
9-Octadecenoic acid, 1,2,3-propanetriyl ester (10.72%), Octadecanoic acid (1.78%), 
Bis(2-ethylhexyl) phthalate (3.48%), Squalene (1.40%), 2,2-Dimethyl-3-(3,7,16,20-tetramethyl 
(1.12%) and 1,6,10,14,18,22-Tetracosahexaen-3-ol (1.195%). The study concludes that extensive 
research is required to detect more novel compounds in order to develop effective management 
approaches that significantly reduce the impact of the pathogens on human health as well as on 
environment.
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Analiza fitochemiczna oraz antyoksydacyjna i przeciwrakowa aktywność Aerva javanica 
z powiatu Karak, Khyber Pakhtunkhwa Pakistan

Słowa kluczowe fitochemia, potencjał antyoksydacyjny, potencjał przeciwnowotworowy, analiza GC-MS, 
Aerva javanica

Streszczenie Celem pracy była ocena fotochemicznej, antyoksydacyjnej i przeciwnowotworowej aktywności 
rośliny leczniczej Aerva javanica. Ta roślina należy do rodziny Amaranthaceae. Lokalnie 
nazywa się „bui”. Jest to krzew o długim korzeniu palowym, który dziko rośnie w całych 
Indiach. Ekstrakty roślinne przygotowano przy użyciu etanolu, metanolu i wody destylowanej 
jako rozpuszczalników. Aktywność przeciwutleniającą oznaczono za pomocą DPPH (2,2-di-
fenylo-1-pikrylohydrazyl-hydrat) neutralizując wolne rodniki i wyznaczając IC50. Całkowita 
zawartość związków flawonoidowych znaleziona w ekstrakcie etanolowym Aerva javanica 
wynosiła (0,90 ±0,16), podczas gdy całkowita zawartość fenoli znaleziona w ekstrakcie eta-
nolowym wynosiła (0,78 ±0,16), a następnie w ekstrakcie metanolowym i wodnym. Wyniki 
antyoksydacyjne ekstraktu metanolowego z Aerva javanica wykazały 0,78 ±0,18 procent inhi-
bicji, a SCV 49,10% przy stężeniu 1,5 mg/ml, ekstrakt etanolowy wykazał 0,54 ±0,12 procent 
inhibicji z 64,28% SCV. Analizę fitochemiczną ekstraktu Aerva javanica przeprowadzono 
techniką chromatografii gazowej ze spektrometrią mas (GC-MS). Wyniki wykazały obecność 
różnych związków, głównie acetonu (1,18%), octanu etylu (38,95%), (20,77%), octanu n-pro-
pylu (4,09%), octanu izobutylu (2,71%), (3,84%), izochinoliny, 1-[(3,4-dietoksyfenylo) mety-
lo]-6,7-dietoksy- (3,36%), cykloheksanon (1,43%), 1,1-diizobutoksy-izobutan (2,02%), kwas 
n-heksadekanowy (5,61%), fitol (3,57%), kwas 9-oktadecenowy, ester 1,2,3-propanotriylowy 
(10,72%), kwas oktadekanowy (1,78%), ftalan bis(2-etyloheksylu) (3,48%), skwalen (1,40%), 
2,2-dimetylo-3-3,7,16,20-tetrametyl (1,12%) i 1,6,10,14,18,22-tetrakozaheksaen-3-ol (1,195%). 
Potrzebne są badania mające na celu wykrycie większej liczby nowych związków w celu 
opracowania skutecznych metod zarządzania, które znacznie zmniejszą wpływ patogenów na 
zdrowie człowieka, a także na środowisko.

Introduction

Plants are critical to human life on the planet earth. They can meet all the indispensable necessities 
of the individuals and also animals either as food stuff, energy, medication, ligneous, clothing, 
shelter, gums, and lubricants etc. (Karade et al., 2020). They are massive treasures not only from 
the global environmental perspective but also from the medicinal point of view. All plants ranging 
from a thorny bush to a tall evergreen tree are playing their role in serving the human. Among 
them medicinal and aromatic plants are of great importance which are serving as therapeutic 
agents since ancient times (Riaz et al., 2021). The history of plants as medicines is parallel to 
the development of life on earth. The use of plants for medicinal purposes is as old as human 
civilization. Since the advent of modern drugs, these plant resources have been used to treat 
various illnesses around the world. It’s a long journey from a useless wild plant to a medicinal 
agent used to treat the disease (Dey, Nandy, Mukherjee, Modak, 2021). 

Over the last few decades, there has been a great deal of awareness of traditional plants to 
their medical importance. The source of this interest lies in their economic feasibility, less toxic-
ity and various pharmacological activities (Saha, Basak, 2020). The World Health Organization 
(WHO) estimates that approximately 80% of the population relies on local prescriptions to meet 
basic social security needs for minimal cost and availability. About 80% of Pakistani people are 
in urban households where herbal remedies are definitely available (Sani, Bello, Abdul-Kadir, 
2014). Many plant extracts and plant components have been tested for their cytotoxicity and 
anti-cancer potential, and most of these plants tend to exhibit anti-cancer properties through 
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antioxidants (Russo et al., 2018). Some synthetic drugs are useful in treating cancer, but they 
are ineffective and dangerous. Currently, several known anti-cancer compounds such as taxol, 
podophyllotoxin, camptothecin, vinblastine, vincristine, and homoharingtonin have been isolated 
and purified from these herbal therapies (Kilcar et al., 2020). Cancer is the costliest and deadly 
infectious disease in the world. The most common cancers in Pakistan in 2016 were breast cancer 
(21.8%), leukemia (6.3%), Hodgkin lymphoma (4.9%), and non-Hodgkin lymphoma (4.7%) of the 
total number of reported cases. However, the actual prevalence of cancer can be higher than this 
because a proper registration system is not available in Pakistan. Currently, cancer management 
relies primarily on the availability of cancer treatments. In recent years, with the advent of new 
anti-cancer drugs, not only the repertoire, but also the average monthly cost of these treatments 
has expanded rapidly and significantly (Sarwar, Iftikhar, Saqib, 2018). The American Association 
for Cancer Research (ACS) estimates that 1,658,370 new cancer cases and 589,430 cancer deaths 
have been diagnosed in the United States in 2015. Its incidence will increase by 70% over the next 
20 years. Currently, one in six deaths is due to cancer worldwide (Maqsood, Adiamo, Ahmad, 
Mudgil, 2020).

Biological activity from natural sources is due to a variety of chemicals that are widely 
distributed in nature. It has been shown that polyphenols can act as both antioxidants and oxidants, 
depending on their concentration and cellular environment. Medicinal plants have pharmacologi-
cal activity and may be a source of new antitumor agents. Secondary plant metabolites and their 
derivatives have been used in the fight against cancer for the past half century (Janaki et al., 
2018). Hence the present study is designed to analyze the biochemical compounds in the Aerva 
javanica, their antioxidant activity and anticancer property using MCF7 (Brest cancer), HepG2 
(Liver cancer), HeLa (Cervical cancer) cell lines. 

Material and methods

Sample collection

The experimental plant was collected from District Karak, Khyber Pakhtunkhwa (33°7′39.62″N; 
71°5′50.33″E). The plant leaves were shade dried and grounded into fine powder using electrical 
grander.

Extracts preparation

The sample was allowed to soak for 48 hours using methanol, ethanol and distilled water as the 
solvent, and Whitman filter paper No 1. Next, the filtrate was used under vacuum using a rotary 
evaporator until a sticky crude extract was obtained. The filtrate was then evaporated at a constant 
temperature of 50°C using vacuum rotary evaporator until a sticky mass of crude extract was 
obtained. The crude extract was dissolved in Dimethyl sulphoxide (DMSO) to make final working 
concentrations for biochemical analysis.
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Phytochemical analysis 
Quantification of total phenol (TPC) and total flavonoids (TFC) contents 
(quantitative test)

Determination of total flavonoids contents 

Quercetin was taken as a standard for quantification of total flavonoids, plants extracts were taken 
in amount of 0.5 grams mixed with 4.3 milliliters of 80 percent methanol. Further 0.1 ml of 10% 
aluminum trichloride and potassium acetate was added to the mixture, volume reached up to 
5 ml. The solution was placed at room temperature for 30 minutes of incubation; absorption was 
checked at 415 nm (Okafor, Ezejindu, 2014).

Determination of total phenols contents

Total Phenolic estimate was made by adding 0.5 gram of plants extracts to 80% of 1 ml ethanol. 
The resulting mixture obtained was centrifuged for 20 minutes at 10,000 rpm. Resulting supertant 
was saved in test tube and the process was repeated 5 times. The supertant was heated in water 
bath for dryness, than distal water was added till its volume reached to 3 ml, 2 ml of 20% Na2Co3 
was added to the solution and then 0.5ml of Folin ciocalteau reagent was done and after 5 minutes 
further 2 ml of 20% Na2Co3 was added to the solution, mixed thoroughly and test tube was placed 
in boiling water and absorbance was checked at 60 nm. Catechol has been used as a standard 
(Wang et al., 2018).

Antioxidant activity

The DPPH scavenging procedure was used to determine the antioxidant activity (Williams, 
Cuvelier, Berset, 1995). A DPPH solution was prepared by dissolving 24 mg of DPPH in 100 ml 
of methanol. A DPPH solution was prepared by dissolving 24 mg of DPPH in 100 ml of methanol. 
1 mg/ml of plant samples was prepared to form stock solutions in methanol, and then diluted to 0.5, 
1 and 1.5 mg/ml concentrations. Sample solutions and DPPH solution were combined in 1 : 1 ratio, 
incubated at 23°C to 30 minutes. Absorption was measured at 517 nm using spectrophotometer, 
and ascorbic acid was used as a standard (Wolfe, Wu, Liu, 2003). Percentage of scavenging action 
was determined using the equation:

Scavenging effect % = control absorbance – sample absorbance/control absorbance × 100

Anticancer activity

Cytotoxicity assay were performed to check the anticancer activity of ethanolic extracts of selected 
medicinal plants through MTT assay using MCF7 (Brest cancer), HepG2 (Liver cancer), and HeLa 
(Cervical cancer) cell lines as described earlier (Demirgan et al., 2016). The part of cytotoxicity 
assay were performed in School of Biological Sciences University of Punjab, Lahore. Cell lines 
were maintained in Dulbecco’s modified Eagle’s medium (DMEM), supplemented with 10% fetal 
bovine serum and 1% antibiotic. Cell lines were kept in incubator with moistened air with 5% 
CO2 at 37°C. Cells were seeded in 96 wells plate and incubated for 48 hrs. After incubation MTT 
media were removed carefully and cells were treated with different concentrations of extract. All 
experiments were repeated 3 times with 3 replicates per experiment. Mean optical density value 
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of control was considered as 100% survival and treatment values were normalized accordingly 
by plotting barograph or table for cell survival.

GC-MS analysis of plant extracts

GC-MS analysis of ethanolic extracts of Aerva javanica showing most promising anticancer 
activity was carried out by using an Agilent 7890C gas chromatograph in tandem with a 5975C 
MSD and HP5MSI separation column whose length was 30 m, ID was 0.250 mm and its film 
thickness was 0.25 μm. Identification and quantification of compounds ware conducted using 
AMDIS with a manually curated retention indexed GC-MS library while additional identification 
of compounds was performed using the NIST17 and Wiley 11 GC-MS spectral libraries (Ezhilan, 
Neelamegam, 2012).

Statistical analysis

One-way ANOVA was applied by using statistics 8.1 software programs followed by (Stefanelli, 
Barbini, Girolimetti, 2021). Mean and standard errors were calculated for three replicates. Means 
were compared by the LSD tests at significant level (≤5%).

Results 

Quantitative analysis of total phenolic and flavonoids contents

The Table 1 presented the TPC and TFC of methanolic, ethanolic and water extracts of the plant. 
The highest value of the flavonoids compounds was found in the ethanolic extract 0.90 ±0.16 
followed by the methanolic extract 0.63 ±0.06 and distilled water 0.52 ±0.08. Using the Person’s 
correlation analysis between standard Quercetin i.e. ug/g and OD exhibited a strong positive 
relationship with adjusted R2 = 0.988. The equation y = 0.114x + 0.093 is portrayed. The chemical 
Catechol was used as a phenol standard with a value of y = 0.128x + 0.136, R2 = 0.983. The standard 
phenol curve in correlation analysis showed a significant linear positive correlation. The highest 
value of the phenolic contents was found in ethanolic extract 0.78 ±0.16 followed by the methanolic 
extract 0.60 ±0.13 and in aqueous extract was 0.64 ±0.11. Up to data no data is available about 
Aerva javanica phytochemical analysis both qualitatively and quantitatively (Table 1, Figure 2).

Table 1. Quantitative analysis of total Phenolic and Flavonoids contents of Aerva javanica in methanolic, 
ethanolic and aqueous extracts

Name of plant Part of plant used Extract of plant Total Flavonoids 
mg/ml

Total phenols  
mg/ml

Aerva javanica 
Juss. Whole plant

Ethanolic extract 0.90 ±0.16 0.78 ±0.16

Methanolic 0.63 ±0.06 0.60 ±0.13

Distilled water 0.52 ±0.08 0.64 ±0.11
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Figure 1. Showing different Cancer cell viability result before and after treatment of ethanolic extract 
of Aerva javanica i.e. MCF7 Brest cancer cell line (C) Untreated Cell, HeLa Cervical cancer cell line 
(E) Untreated Cell, (F) Treated Cell, HepG2 Liver cancer Cell line (A) Untreated Cell, (B) Treated Cell, 
(D) Treated Cell
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Figure 2. Total flavonoids and phenols in Aerva javanica different extracts

Antioxidant activity 

The antioxidant activity (Table 2) showed that the DPPH free Radical scavenging assay of Bassia 
indica was carried out using different concentration of methanol, ethanol and distilled water. 
The ethanolic extract was the most potent extract with percent inhibition of 0.89 ±0.02 at 
0.5mg/mL with IC 50 of 47.94% followed by methanol and water respectively. The ethanol and 
water extract show least effective with IC50 26.78% and 33.94% respectively. Overall the activity 
in the experiment was concentration dependent and ascorbic acid used as a standard (Figures 3–5). 

Table 2. Antioxidant activity of Aerva javanica

The plant 
parts used Extract Concentrations 

(mg/ml)
Percent inhibition 

(means ± SD) Percent SCV IC50

(%)

Aerva 
javanica 
Juss. 
whole plant

Methanolic 

0.5 0.74 ±0.35 36.60

33.941.0 0.81 ±0.10 37.5

1.5 0.78 ±0.18 49.10

Distilled water

0.5 0.54 ±0.12 64.28

26.781.0 0.35 ±0.14 57.14

1.5 0.30 ±0.18 55.35

Ethanolic 

0.5 0.89 ±0.02 20.53

47.941.0 0.77 ±0.01 32.14

1.5 0.77 ±0.26 33.93
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 Figure 3. Standard curve of antioxidant activity of Distil water extract of Aerva javanica

 
Figure 4. Standard curve of antioxidant activity of Methanolic extract of Aerva javanica



Phytochemical analysis, antioxidant and anticancer activity of Aerva javanica growing in district Karak...

99

 
Figure 5. Standard curve of antioxidant activity of ethanolic extract of Aerva javanica

Anticancer activity 

The anticancer activity (Table 3) of Aerva javanica against HePG2 (Liver cancer) cell lines 
indicated that the ethanol extract gave 64.6 ±0.25, 64.21 ±0.77, 61.40 ±0.71,55.31 ±1.67, 53.60 
±1.66 and 41.77 ±0.46% inhibition with 50 mg, 36 mg, 24 mg, 16 mg, 12 mg and 10 mg concentra-
tions, respectively. The results showed that the ethanol extract was the effective extract of Aerva 
javanica. The methanol and aqouse extract showed 42.47 ±0.64 and 19.21 ±0.44 inhibition at 
10mg concentration, 46.92 ±0.15 and 22.56 ±0.28% inhibition at 12 mg. While at 50 mg methanol 
showed 61.39 ±0.76 and aqouse showed 35.86 ±76 cell inhibition. The various concentrations 
of different extracts of Aerva javanica were also tested for anticancer activity against HeLa (cervi-
cal cancer) cell lines. The aqouse extract showed low inhibition at all concentrations 28.66 ±0.41 
(10 mg), 29.73 ±0.45 (12 m), 29.14 ±0.07 (16 mg), 31.14 ±0.22 (24 mg) and 35.78 ±0.49 (100 mg). 
At 10 mg, methanol showed 58.19 ±0.43 at 50 mg methanol showed 73.44 ±0.39. Ethanolic extract 
showed 52.64 ±0.62 inhibition at 10 mg, and 70.22 ±0.60 inhibition at 50 mg. The ethanol extract 
showed significant activity and were dose dependent activity against cancerous cells. Anticancer 
activity of Aerva javanica was carried out by using MCF7 (Brest cancer) cell lines. Different 
concentrations of different extract were used. Showed that different concentrations of ethanol 
extracts have promising results against MCF7 (Brest cancer) cell lines, methanolic extract at 
10 mg showed 44.11 ±0.73% inhibition and 65.60 ±0.19 at 50mg. Ethanolic fraction showed 58.6 
±0.36 at 10 mg, 72.69 ±1.34 at 50 mg while aqua extract showed 24.38 ±0.16, 66.72 ±0.71 at 10 and 
50 mg (Figure 1). All the extracts showed dose dependent activity (Figures 6–8).
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Table 3. Anticancer activity of Aerva javanica through MTT assay using MCF7 (Brest cancer), HepG2 
(Liver cancer), HeLa (Cervical cancer) cell lines

Extract 
used

Percent 
inhibition 

(mean ± SD) 
10 mg/ml

Percent 
inhibition 

(mean ± SD) 
12 mg/ml

Percent 
inhibition

(mean ± SD) 
16 mg/ml

Percent 
inhibition

(mean ± SD) 
24 mg/ml

Percent 
inhibition

(mean ± SD) 
36 mg/ml

Percent 
inhibition

(mean ± SD) 
50 mg/ml

IC50

MCF7

Ethanol 41.77 ±0.46 53.60 ±1.66 55.31 ±1.67 61.40 ±0.71 64.21 ±0.77 64.6 ±0.25 27.18 ±0.30

Methanol 42.47 ±0.64 46.92 ±0.15 51.66 ±0.47 61.11 ±0.35 60.63 ±0.36 61.39 ±0.76 28.55 ±0.23
Distilled 
water 19.21 ±0.44 22.56 ±0.28 26.41 ±0.66 28.56 ±40 29.96 ±0.52 35.86 ±76 55.17 ±0.89

HeLa

Ethanol 52.64 ±0.62 55.42 ±0.28 56.80 ±0.16 70.96 ±0.29 70.96 ±0.29 70.22 ±0.60 25.24 ±0.78

Methanol 58.19 ±0.43 58.67 ±0.38 59.63 ±0.37 61.16 ±0.86 71.77 ±0.53 73.44 ±0.39 24.44 ±0.03
Distilled 
water 28.66 ±0.41 29.73 ±0.45 29.14 ±0.07 31.14 ±0.22 34.50 ±0.26 35.78 ±0.49 49.86 ±0.41

HeGP2

Ethanol 44.11 ±0.73 55.130.28 58.78 ±0.29 60.36 ±0.40 64.67 ±0.98 65.60 ±0.19 26.77 ±0.26

Methanol 58.6 ±0.36 58.6 ±0.36 62.32 ±0.31 65.7 ±0.26 68.83 ±0.40 72.69 ±1.34 24.38 ±0.16
Distilled 
water 24.38 ±0.16 59.19 ±0.17 60.68 ±0.37 63.57 ±0.35 65.63 ±0.23 66.72 ±0.71 25.74 ±0.10

 
Concentration

Figure 6. Anticancer activity of Aerva javanica using MCF7 (liver cancer) cell lines



Phytochemical analysis, antioxidant and anticancer activity of Aerva javanica growing in district Karak...

101

 
Figure 7. Anticancer activity of Aerva javanica using Hela (liver cancer) cell lines

 
Figure 8. Anticancer activity of Aerva javanica using HepG2 (liver cancer) cell lines
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GC-MS analysis

Superlative result-oriented extract of Aerva javanica was further subjected to GC-MS analysis 
in (Figure 9). The compounds identified from the extract along with their molecular weight, 
molecular formulae, retention time and peak areas (%) are presented in (Table 4). The dominant 
compounds present in ethanolic extracts in Bassia indica were Acetone (1.18%), Ethyl Acetate 
(38.95%), (20.77%), n-Propyl acetate (4.09%), Isobutyl acetate (2.71%), (3.84%), isoquinoline,1-
[(3,4-diethoxyphenyl)methyl]-6,7-diethoxy- (3.36%), Cyclohexanone (1.43%), 1,1-Diisobutoxy-
isobutane (2.02%), n-Hexadecanoic acid (5.61%), Phytol (3.57%), 9-Octadecenoic acid, 1,2,3-pro-
panetriyl ester (10.72%), Octadecanoic acid (1.78%), Bis(2-ethylhexyl) phthalate (3.48%), Squalene 
(1.40%), 2,2-Dimethyl-3-(3,7,16,20-tetramethyl (1.12%) and 1,6,10,14,18,22-Tetracosahexaen-3-ol 
(1.195%). Different phenolic compounds were detected from Aerva javanica plant which proved 
their medicinal value.

 
Figure 9. GCMS chromatograms of ethanolic extracts of Aerva javanica

Table 4. Compound identified from ethanolic inflorescence extract of Aerva javanica

S.NO Names of Compounds Formula Mol. Wt. Retention Time 
(Min)

Peak area 
(%)

1 2 3 4 5 6

1 Acetone C3H6O 58 1.793 1.18
2 Ethyl Acetate C4H8O2 88 2.379 38.95
3 1-Propanol, 2-methyl- C4H10O 74 2.558 20.77
4 n-Propyl acetate C5H10O2 102 3.378 4.09
5 Isobutyl acetate C6H12O2 116 4.439 2.71



Phytochemical analysis, antioxidant and anticancer activity of Aerva javanica growing in district Karak...

103

1 2 3 4 5 6

6 Cyclohexanone C6H10O 98 7.815 1.43
7 1,1-Diisobutoxy-isobutane C12H26O2 202 15.990 2.02
8 n-Hexadecanoic acid C16H32O2 256 43.440 5.61
9 Phytol C20H40O 296 46.821 3.57
10 9-Octadecenoic acid, 1,2,3-propanetriyl ester C57H104O6 884 47.880 10.72
11 Octadecanoic acid C18H34O2 282 48.308 1.78
12 Bis(2-ethylhexyl) phthalate C24H38O4 390 56.896 3.48
13 Squalene C30H50 410 64.520 1.40
14 2,2-Dimethyl-3-(3,7,16,20-tetramethyl C29H48O 412 67.207 1.12
15 1,6,10,14,18,22-Tetracosahexaen-3-ol C30H50O 426 68.770 1.19

Discussion

The medicinal plants are useful for healing as well as for curing of human diseases because of the 
presence of phytochemical constituents. Our results using three different extracts which show 
that the highest value of the flavonoids compounds was found in the ethanolic extract 0.90 ±0.16 
followed by the methanolic extract 0.63 ±0.06 and distilled water extract 0.52 ±0.08. Using the 
Person’s correlation analysis between standard Quercetin i.e. ug/g and OD exhibited a strong 
positive relationship with adjusted R2 = 0.988. The equation y = 0.114x + 0.093 is portrayed. 
The chemical Catechol was used as a phenol standard with a value of y = 0.128x + 0.136, R2 = 0.983. 
The present work is in accordance with the work of many previous researchers (Gopalakrishnan, 
Kalaiarasi, 2014; Saidu, Oibiokpa, Olukotun, 2014; Mukherjee, Nema, Maity, Sarkar, 2013). 
The highest value of the phenolic contents was found in ethanolic extract 0.78 ±0.16 followed by 
the methanolic extract 0.60 ±0.13 and in aqueous extract was 0.64 ±0.11. Many reports support the 
results (El-Newary, 2016; Zhu, Nakagawa, Kishikawa, Ohnuki, Shimizu, 2015; Okafor, Ezejindu, 
2014; Wang et al., 2018; Wolfe et al., 2003). 

The human health can be enhanced by the use of vegetables and fruits rich in antioxidants 
which have the capability to neutralize the free radicals (Youdim, Shukitt-Hale, Joseph, 2004). 
In our result the Bassia indica were carried out using different concentration of methanol, ethanol 
and distilled water. The ethanolic extract was the most potent extract with percent inhibition 
of 0.89 ±0.02 at 0.5 mg/mL with IC 50 of 47.94% followed by methanol and water respectively. 
The ethanol and water extract show least effective with IC50 26.78% and 33.94% respectively. 
In present study the results of DPPH free radical scavenging activity were expressed in percent 
inhibition with IC 50 values. Ascorbic acid was used as standard. Overall the activity was con-
centration dependent. Furthermore, our results are in accordance with results of (Rehman, Khan, 
Farid, Kamal, Aslam, 2013; Ismail et al., 2009; Veeru, Kishor, Meenakshi, 2009). 

Plants provide opportunities of new medicines in the form of pure compounds or stand-
ardized extract. Biological activities gave clues about the plant or their extracts potency in the 
treatment of disease which led to the isolation of compounds for curing chronic and infectious 
diseases (Bajpai, Jadaun, Tiwari, 2016). GC-MS analysis is a potential means for identification 
of compounds present in the plant extracts. In this study, fifteen major compounds were identified 
from the ethanolic extract of Aerva javanica, while eleven other compounds shared minor peek 
area. In their studies Pandian and Noora (2019) observed sixteen photochemical present in the 
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methanolic leaf extracts of Citrus medica while (Hojjati, Barzegar, 2017) identified twenty-seven 
compounds including linalool, geraniol, α-terpineol and linalyl acetate. 

In recent years there has been a steady revitalization of attention in the use of medicinal plants 
in the developing countries because herbal medicine has been reported safe and less or without 
any adverse effect especially when compared with synthetic drugs. Human beings have used the 
plants for medicinal purposes for centuries of the world including countries in the Indian sub-
continent like India, Pakistan and Bangladesh (Shaikh, Shrivastava, Apte, Navale, 2016). About 
70–95% people in rural areas of developing countries rely on local medicinal plants (Fridlender, 
Kapulnik, Koltai, 2015). In present study the anticancer activity of different extracts of Aerva 
javanica was carried out which indicate that the ethanolic extract showed 41.77 ±0.46, 53.60 
±1.66, 55.31 ±1.67, 61.40 ±0.71, 64.21 ±0.77 and 64.6 ±0.25% inhibition respectively at 10 mg, 
12 mg, 16 mg, 24 mg, 36 mg and 50 mg concentrations against HepG2 (liver cancer) cell line. 
This showed that the ethanolic extract was the effective fraction of Aerva javanica. The methanol 
and aqouse extract showed 42.47 ±0.64 and 19.21 ±0.44% inhibition at 10 mg. While at 50 mg 
methanol showed 61.39 ±0.76 and aqouse extract showed 35.86 ±76 against HepG2 (liver cancer) 
cell line. All of the extract showed dose dependent activity, increase in concentration reduces cell 
viability. Aerva javanica was also tested for anticancer activity against HeLa (cervical cancer) cell 
lines. In HeLa (cervical cancer) cell lines the ethanolic extract of Aerva javanica show significant 
result at all concentrations. Ethanolic extract showed highest percentage of cell inhibition 70.22 
±0.60, methanolic extract 73.44 ±0.39 and water extract 35.78 ±0.49 at 50 mg concentrations. 
Aerva javanica against MCF7 lines also showed significance results, at 50 mg concentration water 
extract showed 66.72 ±0.71% inhibition, ethanol showed 72.69 ±1.34, methanol 65.60 ±0.19% 
inhibition at highest concentration 50 mg.

The result indicates that the different concentrations of ethanolic extract of Aerva javanica 
is more effective, significance and show more cell inhibition against HeLa (Cervical cancer) cell 
lines. 

Conclusion 

Current research shows that herbal remedies are a potential source of cure for human illness. 
(Firenzuoli, Gori 2007). This study fully supports the introduction of certain safe drugs to treat 
cancer and other infectious diseases. It has been concluded that Aerva javanica ethanol, methanol 
and aquatic extracts have shown potential botanical components, antioxidants and anti-cancer 
activity. Bassia extract was produced using gas (GC-MS) technology. The results revealed the 
presence of different compounds. Therefore, further research is needed to detect more compounds 
for the formation of stable products and to develop effective management approaches that sig-
nificantly reduce the effects of pathogens on human health and the environment. Conclusion was 
also made based on the reliability of the present results that this species could be used in modern 
medicines that would be comparatively cheap and more effective on various infectious diseases 
with fewer side effects. 



Phytochemical analysis, antioxidant and anticancer activity of Aerva javanica growing in district Karak...

105

References 

Bajpai, S.K., Jadaun, M., Tiwari, S. (2016). Synthesis, characterization and antimicrobial applications 
of zinc oxide nanoparticles loaded gum acacia/poly (SA) hydrogels. Carbohydrate polymers, 153, 
60–65.

Demirgan, R., Karagöz, A., Pekmez, M., Önay-Uçar, E., Artun, F.T., Gürer, Ç., Mat, A. (2016). In vitro an-
ticancer activity and cytotoxicity of some papaver alkaloids on cancer and normal cell lines. African 
Journal of Traditional, Complementary and Alternative Medicines, 13 (3), 22–26.

Dey, A., Nandy, S., Mukherjee, A., Modak, B.K. (2021). Sustainable utilization of medicinal plants and 
conservation strategies practiced by the aboriginals of Purulia district, India: a case study on thera-
peutics used against some tropical otorhinolaryngologic and ophthalmic disorders. Environment, De-
velopment and Sustainability, 23 (4), 5576–5613.

El-Newary, S.A. (2016). The hypolipidemic effect of Portulaca oleracea L. stem on hyperlipidemic Wister 
Albino rats. Annals of Agricultural Sciences, 61 (1), 111–124.

Ezhilan, B.P., Neelamegam, R. (2012). GC-MS analysis of phytocomponents in the ethanol extract of Po-
lygonum chinense L. Pharmacognosy Research, 4 (1), 11–14.

Firenzuoli, F., Gori, L. (2007). Herbal medicine today: clinical and research issues. Evidence-based com-
plementary and alternative medicine: eCAM, 4 (Suppl 1), 37–40. DOI: 10.1093/ecam/nem096.

Fridlender, M., Kapulnik, Y., Koltai, H. (2015). Plant derived substances with anti-cancer activity: from 
folklore to practice. Frontiers in plant science, 6, 799–807.

Gopalakrishnan, S., Kalaiarasi, T. (2013). Determination of biologically active constituents of the fruits 
of Cucumis sativus Linn. using GC-MS analysis. International Journal of Biological & Pharmaceuti-
cal Research, 4 (7), 523–527.

Hojjati, M., Barzegar, H. (2017). Chemical composition and biological activities of lemon (Citrus limon) 
leaf essential oil. Nutrition and Food Sciences Research, 4 (4), 15–24.

Ismail, M., Ibrar, M., Iqbal, Z., Hussain, J., Hussain, H., Ahmed, M., Ejaz, A., Choudhary, M.I. (2009). 
Chemical constituents and antioxidant activity of Geranium wallichianum. Records of Natural Prod-
ucts, 3 (4), 193–197.

Janaki, A., Kaleena, P.K., Elumalai, D., Velu, K., Babu, M., Ravi, S., Arulvasu, C. (2018). Qualitative and 
quantitative phytochemical analysis: In vitro studies of antioxidant and anticancer activity of Bauhin-
ia tomentosa (L) leaf extracts. J. Pharmacogn. Phytochem, 7 (5), 2403–2410.

Karade, D., Vijayasarathi, D., Kadoo, N., Vyas, R., Ingle, P.K., Karthikeyan, M. (2020). Design of Novel 
Drug-like Molecules Using Informatics Rich Secondary Metabolites Analysis of Indian Medicinal 
and Aromatic Plants. Combinatorial Chemistry & High Throughput Screening, 23 (10), 1113–1131.

Kilcar, A.Y., Yildiz, O., Dogan, T., Sulu, E., Takan, G., Muftuler, F.Z. (2020). The effect of bitter melon 
(Momordica charantia) extract on the uptake of 99mtc labeled paclitaxel: In vitro monitoring in breast 
cancer cells. Anti-Cancer Agents in Medicinal Chemistry (Formerly Current Medicinal Chemistry-
Anti-Cancer Agents), 20 (12), 1497–1503. 

Maqsood, M., Qureshi, R., Ikram, M., Ahmad, M.S., Jabeen, B., Asi, M.R., Lilge, L. (2018). In vitro anti-
cancer activities of Withania coagulans against HeLa, MCF-7, RD, RG2, and INS-1 cancer cells and 
phytochemical analysis. Integrative medicine research, 7 (2), 184–191.

Maqsood, S., Adiamo, O., Ahmad, M., Mudgil, P. (2020). Bioactive compounds from date fruit and seed as 
potential nutraceutical and functional food ingredients. Food Chemistry, 3 (08), 125–522.

Mukherjee, P.K., Nema, N.K., Maity, N., Sarkar, B.K. (2013). Phytochemical and therapeutic potential 
of cucumber. Fitoterapia, 84, 227–236.



Sajida Afzal, Siraj Khan, Majid Iqbal, Anam Akhtar

106

Okafor, I.A., Ezejindu, D.N. (2014). Phytochemical studies on Portulaca oleracea (purslane) plant. GJBAHS, 
3 (1), 132–136.

Pandian, R.S., Noora, A.T. (2019). GC-MS Analysis of Phytochemical Compounds Present in the Leaves 
of Citrus medica. L. Research Journal of Pharmacy and Technology, 12 (4), 1823–1826.

Rehman, J., Khan, I.U., Farid, S., Kamal, S., Aslam, N. (2013). Phytochemical screening and evaluation 
of in-vitro antioxidant potential of Monotheca buxifolia. E3 Journal of Biotechnology and Pharma-
ceutical Research, 4 (4), 54–60.

Riaz, U., Iqbal, S., Sohail, M.I., Samreen, T., Ashraf, M., Akmal, F., Akhter, R.M. (2021). A comprehensive 
review on emerging importance and economical potential of medicinal and aromatic plants (MAPs) 
in current scenario. Pakistan Journal of Agricultural Research, 34 (2), 381–392.

Russo, D., Miglionico, R., Carmosino, M., Bisaccia, F., Andrade, P.B., Valentão, P., Milella, L., Armentano, 
M.F. (2018). A comparative study on phytochemical profiles and biological activities of Sclerocarya 
birrea (A. Rich.) Hochst leaf and bark extracts. International journal of molecular sciences, 19 (1), 
186.

Saha, A., Basak, B.B. (2020). Scope of value addition and utilization of residual biomass from medicinal 
and aromatic plants. Industrial Crops and Products, 145, DOI: 10.1016/j.indcrop.2019.111979.

Saidu, A.N., Oibiokpa, F.I., Olukotun, I.O. (2014). Phytochemical screening and hypoglycemic effect 
of methanolic fruit pulp extract of Cucumis sativus in alloxan induced diabetic rats. Journal of Me-
dicinal Plants Research, 8 (39), 1173–1178.

Sani, I., Bello, F., Abdul-Kadir, D. (2014). Phytochemical Screening and Antibacterial Activity of Allium 
sativum, Calotropis procera, Acacia nilotica, and Mitracarpus scaber Mixed Hexane Extracts. World 
J. Pharmaceut. Res, 3 (10), 142–149.

Sarwar, M.R., Iftikhar, S., Saqib, A. (2018). Availability of anticancer medicines in public and private sec-
tors, and their affordability by low, middle and high-income class patients in Pakistan. BMC cancer, 
18 (1), 1–11.

Sarwar, M.D., Xia, Y.X., Liang, Z.M., Tsang, S.W., Zhang, H.J. (2020). Mechanistic pathways and molecu-
lar targets of plant-derived anticancer ent-kaurane diterpenes. Biomolecules, 10 (1), 144.

Shaikh, A.M., Shrivastava, B., Apte, K.G., Navale, S.D. (2016). Medicinal plants as potential source of an-
ticancer agents: a review. Journal of Pharmacognosy and Phytochemistry, 5 (2), 291–295.

Stefanelli, P., Barbini, D.A., Girolimetti, S. (2021). Pesticides and their metabolites in human urine: devel-
opment of multi-analyte method by LC-MS/MS and GC-MS/MS. Journal of Environmental Science 
and Health, Part B, 56 (5), 431–438.

Veeru, P., Kishor, M.P., Meenakshi, M. (2009). Screening of medicinal plant extracts for antioxidant activ-
ity. Journal of Medicinal Plants Research, 3 (8), 608–612.

Wang, A., Li, R., Ren, L., Gao, X., Zhang, Y., Ma, Z., Luo, Y. (2018). A comparative metabolomics study 
of flavonoids in sweet potato with different flesh colors (Ipomoea batatas (L.) Lam). Food chemistry, 
260, 124-–134.

Williams, W,B., Cuvelier, M.E., Berset, C.L.W.T. (1995). Use of a free radical method to evaluate antioxi-
dant activity. LWT-Food science and Technology, 28 (1), 25–30.

Wolfe, K., Wu, X., Liu, R.H. (2003). Antioxidant activity of apple peels. Journal of agricultural and food 
chemistry, 51 (3), 609–614.

Youdim, K.A., Shukitt-Hale, B., Joseph, J.A. (2004). Flavonoids and the brain: interactions at the blood–
brain barrier and their physiological effects on the central nervous system. Free Radical Biology and 
Medicine, 37 (11), 1683–1693.



Phytochemical analysis, antioxidant and anticancer activity of Aerva javanica growing in district Karak...

107

Zhu, Q., Nakagawa, T., Kishikawa, A., Ohnuki, K., Shimizu, K. (2015). In vitro bioactivities and phy-
tochemical profile of various parts of the strawberry (Fragaria× ananassa var. Amaou). Journal 
of Functional Foods, 13, 38–49.

Cite as: Afzal, S., Khan, S., Iqbal, M., Akhtar, A. (2021). Phytochemical analysis, antioxidant and anticancer 
activity of Aerva javanica growing in district Karak, Khyber Pakhtunkhwa Pakistan. Acta Biologica, 28, 
91–107. DOI: 10.18276/ab.2021.28-10.  #1#




