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An examination of 300 Artemia franciscana Kellog, 1906 revealed an unusual high cysticercoid
prevalence of 99 %. Large and small cysticercoids of the genus Flamingolepis were the most frequent
cestode larvae. Digestion of crustaceans in artificial gastric juice resulted in a large number of
cysticercoids of which 120 large and 60 small cysts were studied in light microscopy. A portion of the
material was used for histological examination. As a result, elliptical shaped large cysts of 345-570 x
204-387 um with rostellar hooks of 161-188 and a blade of 91-115 um were considered . dolgushini
and cysts of 157-209 x 112-164 pum and rostellar hooks of 49—59 um and a blade of 25-33 pm were
attributed to F. flamingo. The material contained another species with rostellar hooks measuring 82—-84
pum that most probably belong to £ megalorchis.
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Brine shrimps are phylogenetically old crustaceans belonging to the order Anostraca, class
Branchiopoda. They inhabit hypersaline inland waters and can be found on all continents
except Antarctica. The genus Artemia consists of seven species with 4. salina (Linnaeus,
1758) and A. franciscana Kellogg, 1906 being the best investigated ones and parthenogenetic
populations called 4. parthenogenetica (Asem et al., 2010). Brine shrimps play an important
role in aquaculture as their juvenile stages is food source for fish and crayfish larvae. Artemia
spp. are also known to act as intermediate hosts for cestodes. The first description of a
cysticercoid in A. salina was done roughly 100 years ago (Heldt, 1926). A.P. Maksimova
rendered great service to the investigation of the role of A. salina as intermediate host for
avian cestodes. Working at the Tengiz lake of Kazakhstan, the author described larval stages
of 10 cestode species (Maksimova, 1973, 1977, 1981, 1986, 1987, 1988, 1991; Gvozdeyv,
Maksimova, 1979). Research on the role of brine shrimps as intermediate hosts for avian
cestodes in the French Camargue started in the early 1980’s (Gabrion, Mac Donald, 1980;
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Gabrion et al., 1982) and was extended to salterns of Spain by Amat et al. (1991). Mura
(1995) examined brine shrimps in Sardinia. Georgiev et al. (2005) gave a comprehensive
description of 8 cysticercoids found in 4. parthenogenetica in the Odiel Marshes in Spain.
One cysticercoid that struck due to its large dimensions and eight large skrjabinoid hooks
measuring around 180 pm was frequently found hypersaline aquatic habitats in Italy, France,
Spain, Portugal and Tunesia was attributed to Flamingolepis liguloides (Gervais, 1847) .
However, rostellar hooks of the adult . liguloides were distinctly smaller and measured only
130 pm. Another frequently detected but considerable smaller cysticercoid was allocated to
Flamingolepis flamingo Skrjabin, 1914). The aim of this paper was to describe the morphology
of Flamingolepis cysticercoids in A. franciscana from Godolphin lakes in Dubai.

MATERIAL AND METHODS

In connection with a study of Eurycestus spp. in A. franciscana collected in the Godolphin lakes
in Dubai (Schuster, 2019) there was also the possibility to examine the morphology of cysticercoids
belonging to the genus Flamingolepis that occurred in high prevalences and intensites. The Godolphin
lakes are artificial hypersaline ponds situated in the city of Dubai. A detailed description of this habitat
was given by Sivakumar et al. (2018).

The sample collected by closed meshed net consisted of several thousand A. franciscana of all
development stages (cysts, nauplii, metanauplii and adults). Part of the material was killed in hot
(70 °C) 70% alcohol. A total of 300 adult specimens were randomly selected and put for five days into
a drop of glycerin to clear the body of the crustaceans and make all cysticercoids visible. Screening
for the presence of cysticercoids was carried out at low magnification (40—100x).

Another portion of brine shrimps of the same sample was exposed for 30 min to artificial gastric
juice on a magnet stirrer at 40 °C. This portion was then washed 3 times in phosphate buffer solution
(PBS) and the sediment with hundreds of cysticerci was kept for another 3 hours in an incubator at
40 °C before it was fixed in hot 10% neutral formalin. For the morphological study, cysticercoids were
put for 24 h into 30% lactic acid to dissolve calcareous bodies that otherwise reduce the transparency
and visibility of structures of the cysticercoid. A total of 120 large and 60 small cysticercoids were
measured and the following measurements were taken: length and width of the cysticercoid, the scolex,
the suckers, the rostellum, width of cyst wall, length of the rostellar hooks and their blades. The
cercomer of the cysticercoids was not considered since it was dissolved during artificial digestion.

The majority of the material was used to prepare histological sections. For this, cysticercoids were
dehydrated in rising concentrations of alcohol and embedded in paraffin. Histological sections were
hematoxylin-eosin (HE) and periodic-acid-Schiff (PAS) stained. Examination of both cysticercoids
cleared in lactic acid and histological sections was performed an OLYMPUS BX51 microscope
connected to an OLYMPUS DP27 camera with the software OLYMPUS cellSens Dimension.

Statistical analysis

For calculating prevalence and intensity of infection at their 95% lower and upper confidence intervals
the software package Quantitative Parasitology 3.0 (QP WEB) (Rozsa et al., 2000) was used.

!'In a remark on F. liguloides, Georgiev et al. (2005) stated mildly that their material corresponds to that of Robert
and Gabrion (1991) but also that of Maksimova (1973) but believed Amat et al. (1991) that £ dolgushini is a junior
synonym of F. liguloides. In all following publications the large Flamingolepis cysticercoids were diagnosed as F.
liguloides.
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RESULTS

Of 300 examined 4. franciscana, 134 were male of which 132 (= 98.5 %) harbored large
Flamingolepis cysticercoids (Fig. 1) in numbers between one and twelve. Of the 166 female
shrimps, 165 (= 99.4 % were infected with one to twenty-four of these large cestode larval
stages (Tab. 1). Strikingly smaller Flamingolepis cysticercoids with a long coiled cercomer
(Fig. 2) were present in 52 male (=38.8 %) and 72 (=43.4 %) female hosts. Cysticercoids
of the genus Eurycestus were diagnosed in 83 male and 104 female shrimps. A single
cysticercoid of Gynandrotaenia stammeri Fuhrmann, 1936 was detected in a female shrimp.

Peptic artificial digestion of fresh brine shrimps resulted in a large number of oval
shaped large (345-570 x 204-387 um) and small (157-209 x 112—-164 um) Flamingolepis
cysticercoids (Figs 3, 4) with actively moving scolex structures. The average cyst walls of
large and small cysticercoids measured 15 um (range 9-34 pm and 14 pm (range: 10-21 um),
respectively. Measurements of cysts and subsequent scolex structures are given in
Tab. 2 and 3 and compared to literature data. Histological examination showed that the wall
of both cysticercoids consists of three layers (Figs 5, 6). Outer and inner layers are thin and
compact while the intermediate stratum is wider and seem to be more fluffily. PAS staining
revealed that the highest concentration of calcareous bodies is in tissues of the neck region,
surrounding the scolex (Fig. 7).

Five large and one small cysticercoid hatched in PBS (Figs 8, 9). Amongst the examined
material there were two cysts measuring 214-239 x 172—-177 um that were slightly bigger
than any other of the small cysticercoids. The most striking difference were rostellar hooks
of 82 and 84 pum in lengths with blades of 43 and 48 um (Fig. 10).

Despite the relatively high number of Eurycestus cysticercoids seen in glycerin cleared
shrimps no cysticercoids of this genus were detected after treatment with artificial gastric
juice.

Table 1. Prevalence and burden and their 95% confidence intervals (C.1.) of cysticercoid infection in
300 Artemia fanciscana collected from Godolphin lakes in Dubai in May 2018

. . Number Prevalence Burden
Host sex Cysticercoid of
type infected (%) 95% C.I. average 95% C.I. range
Flamingolepis
(large) 132 98.5 94.7;99.8 5.52 5.08;5.99 1-12
males | Flamingolepis
(n=134) | (small) 52 38.8 30.5;47.6 1.81 1.54;2.12 | 1-5
Eurycestus
spp. 83 61.9 53.2;70.2 1.14 1.06;1.29 1-4
females | Flamingolepis
(n=166) | (large) 165 99.4 96.7;100 7.64 7.08;8.3 1-24
Flamingolepis
(small) 72 434 35.7;51.3 2 1.72;2.39 1-7
Eurycestus
spp- 104 62.7 54.8;70.0 1.15 1.08;1.23 1-3
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Figure 1. Large Flamingolepis cysticercoid in the distal thorax of A. franciscana with
a relatively short cercomer, not longer than the double of the cyst length

Figure 2. Small Flamingolepis cysticercoid with a coiled long, thin cercomer
in the abdomen of 4. franciscana
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Figure 3. Large Flamingolepis cysticercoid after treatment of infected brine shrimps
with artificial gastric juice.

Figure 4. Small Flamingolepis cysticercoids after treatment of infected brine shrimps
with artificial gastric juice.
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Figure 5. Histological section of a large Flamingolepis cysticercoid.
The thin wall consists of three layers.

Figure 6. Histological section of a small Flamingolepis cysticercoid.
Compared to the total size of the cysticercoid, its wall is relatively wide
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Figure 7. PAS stain of a histological section of a large Flamingolepis cysticercoid show
a dense concentration of calcareous bodies in the tissues surrounding the scolex.

- 100 pm

Figure 8. Hatched scolex of a large Flamingolepis cysticercoid with a retracted rostellum
after peptic digestion of the host and neutralization in PBS. Contrary to invaginated cysticercoids
the suckers are round. The basal part of the rostellum reach deep into the neck region.
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Figure 9. Hatching scolex of a small Flamingolepis cysticercoid with an everted rostellum
after peptic digestion of the host and neutralization in PBS.

Figure 10. Flamingolepis cysticercoid
with 84 um long rostellar hooks.
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DISCUSSION

Brine shrimps of the genus Arfemia act as intermediate host for a number of cestode
species and cysticercoids of at least 16 different species were described in the literature.
In publications on cestode larval stages in Artemia spp. from hypersaline inland waters
in Asia (Kazakhstan and United Arab Emirates) and salters of the Mediterranean costs of
southern Europe and northern Africa Flamingolepis cysticercoids with eight skrjabinoid
rostellar hooks were reported. The prevalence and burdens of these cysticercoids in the current
sample were extraordinary high. In a previous publication on 4. franciscana in the Godolphin
lakes (Sivakumar et al., 2018) it was shown that there were considerable variations in the
cysticercoid prevalence throughout the annual cycle. When water temperatures in June exceed
35°C brine shrimps die, leaving resistant metabolic inactive cysts behind. In connection
with the refilling of the ponds and falling temperatures in autumn, cysts hatch and the
artemias gain life again attracting large amounts of waders and shore birds that contaminate
the habitat with cestode eggs. This resulted in a relatively high prevalence of 16 % already
in November. Falling temperatures in winter reduced the activity and food intake of the
crustaceans and led to lower prevalence rates in the following months. Rising temperatures
in spring resulted again in increasing activity of the brine shrimps and subsequently increased
cysticercoid prevalence. The highest prevalence rate of 70 % in that research was found in
May. Out of a total of 1.840 A. franciscana examined over an 8 month’s period, large and
small Flamingolepis cysticercoids were present in 25.3 and 10.7 % respectively.

Spasskij and Spasskaja (1954) erected the genus Flamingolepis and used F. liguloides as
type species. F. liguloides was mentioned for the first time as Halysis liguloides by Gervais
(1847). The original description supported by a drawing describes the cestode as small (60
mm) and slender (2 mm), with a globose scolex bearing four suckers and a small rhynchus?.
Liithe (1898) who examined intestinal parasites of greater flamingos in Tunisia recognized
the same cestode species by the specific appearance of its strobili resembling the body
of a ligula and added other essential morphological details like the unilateral situation of
genital pores and diameter of suckers. The most important completion however, was the
presence of eight slim and elongated rostellar hooks measuring 130 um in length with blade
and handle being 70 and 60 um long, respectively. The maximum width of the hooks was
30 um at the guard. Lithe (1898) described a further cestode, Flamingolepis megalorchis
(Liihe, 1898), that consisted only of 30 to 40 segments and stroke because of three large
testes. Rostellar hooks had the same shape as F. liguloides but measured only 90 pm. He
also put Flamingolepis caroli (Parona, 1886) as junior synonym for F. liguloides. Cohn
(1901) reexamined F. liguloides collected by Liihe (1898) and enhanced the description by
a histological study of hermaphrodite segments. With a maximum length of 40 mm Liihe’s
cestodes were 2 cm shorter than described by Gervais (1847) and histological sections did
not reveal any traces of a uterus, indicating their prepatent status. Based on these histological

2 Gervais (1847) description did not mention rostellar hooks. They most probably got lost during preparation. The
main feature of the cestode was the ligula like strobila.
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sections, Fuhrmann (1906) described the configuration of the testes which are arranged
in the shape of a triangle (type III). Linstow (1906) published a description of helminths
of the Colombo museum. Amongst them was a 75 mm long cestode from flamingo with
short but relatively broad segments. The scolex carried eight slim 140 pm long hooks. It is
worth mentioning that Shachtatinskaja (1952) mentioned a Hymenolepis species found in the
flamingo in Azerbaidjan. The description and the pictured scolex® matched with F. liguloides.

In the collection of the Naturkundemuseum of Berlin there is a syntype (5226-E) of
Flamingolepis flamingo (Skrjabin, 1914) from greater flamingo of unknown origin. According
to Skrjabin (1914), the cestode was 18—25 mm long and up to 1 mm wide. The long rostellum
(150 x 37 um) was armed with eight hooks, 62 um in length.

Scientists from Kazakhstan published the description of two further flamingo cestodes from
Tengiz lake in Kazakhstan. Flamingolepis dolgushini Gvozdev and Maksimova, 1968 with
a length of up to 10 mm and a maximum width of 0.96 mm had relatively large suckers of
170 pm in diameter and a rostellum armed with eight skrjabinoid hooks of 176-182 pum in
length. Their blades measured 103 pm. The basal part of the rostellum reached deep into
the neck region. The other species, Flamingolepis tengizi Gvozdev and Maksimova, 1968,
measured only 5—6 mm with a maximum width of 1.2 mm. The rostellum was armed with
eight skrjabinoid hooks in a length of 53 pm, length of the blade was 28 pm.

The most reliable features to allocate a cysticercoid to the adult cestode are number, shape
and length of rostellar hooks. In this regard, it is difficult to understand why large cysticercoids
were determined as F. liguloides by Gabrion et al. (1982).

The description of cysticercoids in this paper is based on a large number of examined
cysticercoids. Georgiev et al. (2005) measured each 14 Flamingolepis cysticercoids of species
they believed to belong to F. liguloides and F. flamingo, respectively. Other researchers gave
only measurements not mentioning the number of examined specimens (Tabl. 2 and 3).
Measurements of the large cysticercoids in the own material matched with data published
by Heldt (1926), Maksimova (1973), Gabrion et al. (1982), Robert, Gabrion (1991) and
Amat et al. (1991) while parameter established by Georgiev et al. (2005) exceeded those
measurements. Measurements of the small cysticercoids coincide with those given by
Maksimova (1973) for those of F. tengizi and by Robert and Gabrion (1991) and Georgiev
et al. (2005) for those of F. flamingo.

Based on the size of rostellar hooks it can be excluded that large cysticercoids belong to
F. liguloides and it is more likely that they are F. dolgushini while small cysticercoids are
the larval stage of F. flamingo and F. tengizi has to be treated as its junior synonym. The
two other Flamingolepis cysticercoids had rostellar hooks comparable to F. megalorchis.

3 The scolex is pictured in a book by Spasskaja (1966).
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O UCTULHEPKOUAAX POIOA FLAMINGOLEPIS SPASSKIJ & SPASSKAIJA, 1954
(CESTODA: HYMENOLEPIDIDAE),
IMTAPASUTUPYIOUIUX B ARTEMIA FRANCISCANA KELLOG, 1906
(ARTHROPODA: ARTEMIIDAE)

B IVBAE, OFbEJJMHEHHBIE APABCKHNE SMHWPATbBI

© 2019 R.K. Schuster

KarwueBblie ciioBa: Artemia franciscana, Cestoda, Flamingolepis, nuctunepkoussr, [Iyoaii.

PE3IOME

HUccnenosanue 300 ocobeii Artemia franciscana Kellog, 1906 B Jlybae BBISBIIO HX HEOOBIYAIHO
BBEICOKYIO 3apa)X€HHOCTH IUCTHIepKonaamMu — 99 %. Ilpu sToM, cpean THYMHOK LEeCTOA Ipeodiana-
JIM KpYTHBIE U MEJIKHe IUCTHIEPKOUAbl pona Flamingolepis. Ilocne nepeBapuBaHUsS paKooOpa3HBIX
B MICKYyCCTBEHHOM JKEITyZOYHOM COKE OBLIO M30JIMPOBAHO MHOXKECTBO IUCTHIIEPKOMJIOB, U3 KOTOPHIX
120 xpynHbIX 1 60 MEITKUX OUCT OBUIM H3YYeHBI B CBETOBOM MHKpOCKorie. YacTs MaTepuaina Oblia uc-
TI0JIB30BaHA JUISl THCTOJIOTMYECKOTO MCCIIeI0BaHMs. B pe3ynbrare KpyIHbIC IIUCTHI SJUIUITHIECKOH (op-
MbI pazmepoM 345-545 x 204-387 MkM ¢ pocTesuipHbIMU Kproukamu 161-188 u ne3Buem 91-115 Mxm
ObLIH ompeneNieHsl Kak F dolgushini, a nuctsl pazmepoM 157-209 x 112—-164 MKM ¢ poCTeIIISIPHEIMI
Kkproukamu 49-59 MxM u sie3BueM 25-33 MkM ObuTH npHIHcaHs! F. flamingo. Matepunai copepskal eme
OJIMH BHJI, IPEATIONIOKATENBHO F. megalorchis, ¢ poCTeIUIIPHBIMU KPIOYKaMi pa3mMepoM 82—84 MKm.
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