
INTRODUCTION

Digeneans are one of the most common groups of helminths
found parasitizing vertebrates. In Mexico, after 70 years of taxo-
nomic research, 503 species have been reported in approximate-
ly 440 of the 4,697 species of vertebrates known to occur in the
country [1]. A total of 153 digenean species are endemic or have
at least been recorded only within Mexican territory [1]. Digen-
eans, because of their prevalence and abundance in nature and
their complex life cycles, are one of the most important groups
of parasites to be considered in managing biodiversity, conser-
vation, and as indicators for ecosystem monitoring [1]. Due to
the complex life cycle of the trematode, the presence of its par-
ticular host appears to be an important factor for the existence
of these parasites. The trematode, Cymatocarpus solearis Braun,

1899, a member of the family Brachycoellidae, was first described
in 1899, and has been found in different hosts with a wide geo-
graphic distribution. In Mexico, this parasite has been reported
to infect the spiny lobster, Panulirus argus Latreille, 1804, from
the Caribbean coast of Quintana Roo State, Mexico [2]. This
spiny lobster has a high price and demand in the markets and
restaurants located in the Caribbean coast of Mexico. The P. argus
fishery on the Caribbean coast is the largest in the world and
one of the most important fishing resources in Mexico [3]. 

Until now, there have been no records of a detailed descrip-
tion of the life cycle of C. solearis. The knowledge of a parasite
contributes to understand essential links between them and its
host, and also contributes to the basic knowledge on the biology.
The technique described in this paper could assist the ability to
rear developmental stages of parasites under experimental con-
ditions for further comparative studies, which will increase the
understanding of these parasites and their impact on the nature.
Moreover, the ability to reproduce the complete life cycle under
experimental conditions provides a model which will allow other
scientists to achieve a novel and simple tool when the hosts are
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difficult to capture.
Parasite cultivation in vitro can be used to simulate biological

conditions in the host [4]. Digenetic trematodes have been grown
on the chorioallantoic membrane (CAM) of chick embryos, a
technique first described by Fried [5]. Chorioallantois specimens
contain diverticulate ceca with dark brown granular material,
suggesting that the parasites ingest and utilize blood from the
vascular chorioallantoic membrane [6]. A total of 23 digenean
species from 14 families have been studied in chick embryos,
mainly on the chick CAM [7]. Data on some of the life cycle stages
of the parasites is often absent.

The aim of this investigation was to develop a simpler tech-
nique for cultivation of and development of the metacercariae
of the trematode, C. solearis, into adults. We wanted to determine
whether we could obtain adult C. solearis utilizing unfertilized
chicken eggs instead of chick embryos. To our knowledge,
relatively little is known on the life cycle stages of C. solearis.
Caballero-Caballero [8] was the first to report the adult of C.

solearis parasitizing marine turtles in Mexico; Go@mez et al. [2]
described the morphology of the metacercariae of C. solearis. Our
second objective was to provide a description of the adult-stage
produced in our study through ovocultivation, and to compare
it with that of adults from naturally infected hosts. The present
study is of significance, because it demonstrates for the first time
the ability to culture and study adult C. solearis in the absence
of its definitive host, and thus builds up our knowledge of the
biology of this parasite. 

MATERIALS AND METHODS

Source of parasites
Spiny lobsters (Panulirus argus) were collected from a local fish

cooperative “Vigia el Chico” in Punta Allen Quintana Roo, Me@xico
(19。45’N 87。30’W). A total of 87 lobster tails were examined
in situ and classified as either parasitized (43 tails) or not para-
sitized (44 tails). This was based on the detection of cysts (white
spots) in the muscle, as described by Go@mez et al. [2]. The tail
length to the telson was measured and the sex of each lobster
determined. Six of the parasitized tails were selected and trans-
ported to the laboratory at ICMYL (Instituto de Ciencias del Mar
y Limnologia, Unidad Acade@mica Sistemas Arrecifales, Puerto
Morelos, Quintana Roo, Mexico). The cysts were dissected from
the abdominal muscle using a sterile scalpel, and the metacer-
cariae were extracted from the cysts under a stereomicroscope
(LEICA MZ 9.5, Wetzlar, Germany). All of the metacercariae

were put in saline solution (17 ppm) containing 0.5 mg/ml
streptomycin and 50 IU/ml penicillin to prevent fungal and
bacterial proliferation. 

In vitro cultivation technique
Chicken eggs were obtained locally and verified to be unfertil-

ized by the seller (n = 20 per experiment). The eggs were washed
and swabbed with ethanol, and an opening was made on the
uppermost surface of the shell. Then, 5 ml of the albumen was
removed to provide space for the solution containing the metac-
ercariae, which was then injected (~10 parasites/per egg) with a
Pasteur pipette. The eggs were placed in a standard bacterial incu-
bator, Gallenkamp INA 300, size 1 (Weiss-Gallenkamp, Sussex,
UK). All chicken eggs were sealed with scotch-tape (transpar-
ent) and arranged in an incubator. In the first experiment, the
total number of parasites incubated was 178 in 20 unfertilized
eggs at 36℃; in the second trial, 174 metacercariae in 20 unfer-
tilized eggs at 38℃. A 200 ml glass of water was kept inside the
incubator to generate humidity. The eggs were monitored daily
observing possible decomposition and removal of that sample,
also each egg was rotated to keep the yolk from attaching to the
shell. Every 3 days, an egg was opened and placed in a Petri dish
with saline solution, all the worms were observed under a stere-
omicroscope, and each parasite found was carefully transferred
to another slide glass with a pipette. The preparations were then
mounted with a coverslip to flatten the specimen, and drop by
drop of AFA (a mixture of 85 ml of ethanol, 25 ml of formal-
dehyde, and 5 ml of acetic acid) was added to the edge of the
coverslip to fix the worm, which was stained with acetic car-
mine after the worms were made transparent with clove oil, and
mounted with balsam of Canada. Further parasite observations
were done with an optic microscope (LEICA DMLB 10) for bet-
ter resolution. In order to determine the maturity status and to
perform morphological descriptions, the parasites were observed
under an optical microscope and drawings were made with the
aid of a camera lucida (100 x/oil immersion magnification).

The taxonomic identification of the metacercariae and adults
found in this study was based on the work of previous workers
[2,8], and Lamothe-Argumedo (personal communication).
Morphometric measurements of the adult-stage of C. solearis

obtained in vitro study (catalogue number 4333) were com-
pared with the adult-stage specimens from naturally infected
hosts (catalogue number 002543) in the National Helminths
Collection of the Institute of Biology of the National Autono-
mous University of Mexico (CNHE-IBUNAM), and the work of
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Caballero-Caballero [8]. The ecological parameters, i.e., the pre-
valence, abundance, and mean intensity, were calculated accord-
ing [9]. This study also sets out to examine the parasitic prefer-
ence between male versus female parasitized lobsters using a c2

test to test for an association between parasite infection and lob-
ster sex. 

RESULTS

The ovoculture technique described above was successful in
developing from metacercariae to adults of C. solearis after 24 days
(576 hr) at 38℃ (n = 6) and no adults were found at 36℃. The
adult was identified by several characteristics, and in particular,
the presence of light brown eggs containing an operculum, ovum,
and vitelline cells was observed in utero, and displacement of
the reproductive structures to the posterior region of the organ-
ism was seen (Fig. 1). A complete taxonomical description was
elaborated for the adultstage of C. solearis obtained in vitro (ca-
talogue number 4333) and the exemplar collected and deposit-
ed by Manter in 1910 in the CNHE-IBUNAM (catalogue num-
ber 002543) (Fig. 2; Table 1).

A total of 352 metacercariae recovered from the 6 lobster’s
abdomens were incubated in yolks of unfertilized chicken eggs.
In the first experiment, the total number of parasites incubated
at 36℃was 178 and the worm’s percentage recovered was 28%
but any of the worms recovered were adults. In the second exper-
iment, 174 metacercariae and the worm’s percentage recovered

was 38% at 38℃. The morphology of the adult specimens from
the ovotechnique was compared with 2 adult specimens collect-
ed from marine turtles. The length growth of worms cultured was
2.8 ± 0.3 mm and width 1.0 ± 0.2 mm. All of the reproduc-
tive organs were well developed in these worms, and few eggs
appeared in the uterus (Fig. 3). So far, the condition at 38℃
was found better than at 36℃.

With reference to the lobster’s parasitism by the host sex, this
study showed that there was no parasitic preference between the
43 parasitized lobsters; we established 21 females and 22 males
(c2 = 0.023, table 3.84; fd = 0.1, a = 0.05). We found that almost
50% of the population were parasitized in the study zone (a total
of 43 individuals of 87 individuals were parasitized). 

The prevalence registered was 49.4%, the abundance 58.7. The
mean intensity was 26 per host and the number of parasites per
host varied from 33 to 109. These data are from the 352 metac-
ercariae found in the 6 lobsters’s abdomens.

DISCUSSION

This study is the first report of metacercariae of C. solearis, a
digenean of the family Brachycoeliidae, which have been suc-
cessfully grown in vitro into adult worms. This parasite has been
successfully grown in vitro into adult worms capable of produc-
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Fig. 1. Adult of Cymatocarpus solearis Braun, 1899 obtained at 576
hr from the ovotechnique culture in this study. Scale bar = 0.40 mm.

Fig. 2. Adult of Cymatocarpus solearis Braun, 1899 obtained from a
marine loggerhead turtle, Caretta caretta (L.), by Manter (1910) in
Florida, USA. Scale bar = 0.40 mm.



ing eggs in the yolk of unfertilized chicken eggs at 38℃.  Secondly,
this technique allows obtaining the adult stage of C. solearis with-
out the presence of its marine turtle host. Therefore, in vitro cul-
tivation of metacercariae should be helpful to obtain a great
number of adult flukes.  

The description of the adult’s internal structures and the dimen-
sion of the eggs are similar in shape and size. A comparison and
taxonomic verification between the 3 kinds of adults was elab-
orated (Table 1). The differences between worms collected by
Manter in 1910 from natural turtle host were the higher num-
bers of eggs present in utero (Fig. 2). However, the adult obtained
by ovotechnique in the present study showed lower numbers of
eggs, and this may indicate an early developing state egg produc-
tion in utero related with experimental laboratory conditions
(Fig. 3).

In this study, the adult of C. solearis and egg morphology was
similar compared with the specimen collected from marine log-
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B

Caballero-
Caballero 

(1959)
Pacific coast, 
Mexico (n = 1)

Manter (1910)
Florida, USA
described 

in this study 
(n = 1)

In vitro 
experimental 
technique in 

this study 
(n = 6)

Table 1. Measurements of adults of Cymatocarpus solearis
Braun, 1899 cultivated by the ovotechnique in this study in com-
parison to those published by Caballero-Caballero (1959) in the
Mexican Pacific Coast and Manter (1910) in Florida, USA 

Mean ± SD; the numbers in parenthesis represent the minimum and
maximum values in mm.

Fig. 3. Photomicrography of the adult Cymatocarpus solearis Braun,
1899 cultured in this study. Images A & B were taken from an optic
microscope showing the presence of eggs in utero and illustrating
their similar morphology. (A) Scale bar = 0.1 mm. (B) Scale bar =
0.05 mm.

Body length 3.86 2.40 2.8 ± 0.3 (2.2-3.2)
Width 1.41 0.84 1 ± 0.2 
Tegument 0.004 0.004 0.004
Oral sucker

Length 0.22 0.18 0.15 ± 0.01 (1.04-0.17)
Width 0.25 0.13 0.18 ± 0.03 (0.16-0.19)

Ventral sucker
Length 0.20 0.14 0.15 ± 0.02 (0.15-0.17)
Width 0.21 0.18 0.18 ± 0.01 (0.17-0.19)

Sucker relation: 1:0.8 1:0.77 1:0.92 
Mouth  

Length 0.10 0.07 0.08 ± 0.01 (0.06-0.09)
Width 0.11 0.11 0.05 ± 0.01 (0.02-0.06)

Prepharynx
Length Not mentioned Not observed 0.03 ± 0.01
Width 0.01 ± 0.01

Pharynx
Length 0.09 0.08 0.09 ± 0.01
Width 0.11 0.07 0.05 ± 0.01

Esophagus
Length 0.85 0.37 0.71 ± 0.02 (0.64-0.98)
Width 0.03 0.05 0.03 ± 0.01 

Ceca right
Length 0.56 0.42 0.27 ± 0.05 (0.22-0.36)
Width 0.12 0.07 0.08 ± 0.01 (0.06-0.09)

Ceca left
Length 0.61 0.28 0.20 ± 0.05 (0.18-0.28)
Width 0.16 0.03 0.17 ± 0.01 (0.16-0.19)

Right testis
Length 0.26 0.34 0.24 ± 0.01 (0.22-0.27)
Width 0.33 0.13 0.20 ± 0.04 (0.18-0.23)

Left testis
Length 0.25 0.17 0.25 ± 0.01 (0.24-0.27)
Width 0.37 0.20 0.27 ± 0.05 (0.21-0.30)

Seminal vesicle
Length 0.14 0.18 0.15 ± 0.02 (0.13-0.19)
Width 0.05 0.15 0.12 ± 0.02 (0.10-0.16)

Seminal receptacle
Length Not mentioned 0.36 0.10
Width 0.15 0.08

Ovary
Length 0.18 0.13 0.11 ± 0.01 (0.09-0.13)
Width 0.22 0.16 0.10 ± 0.02 (0.09-0.13)

Eggs
Length 0.02 0.06 0.04 ± 0.02 (0.02-0.05)
Width 0.01 0.02 0.02 ± 0.02 (0.01-0.03)

Distance of cecal 1.44 0.68 1.17
bifurcation to anterior zone

Host                          Turtle             Turtle                          Ovoculture
Chelonia mydas Caretta caretta technique



gerhead turtles Caretta caretta (Linnaeus, 1758) by Manter in
1910 in Florida, USA (Fig. 2) (Lamothe-Argumedo; personal
communication). The adult parasite presented with a displace-
ment of the reproductive structures to the anterior part of the
body as a consequence of the quantity of eggs present in utero.
The adult obtained by the ovotechnique was 2.8 ± 0.3 mm
long and 1.0 ± 0.2 mm wide, larger than the Manter’s adult
parasite of 2.40 mm and 0.84 mm, but smaller than that report-
ed by Caballero-Caballero [8] in the marine turtles Chelonia

mydas (Linnaeus, 1758), the body length of 3.86 mm and width
1.41 mm. 

Fried and Stableford [7] stated that a total of 23 species from
14 families of the Digenea have been studied using chick embryos,
mainly the CAM. Most species for which cultivation has pro-
duced ovigerous adults in chick embryos have been avian dige-
neans. Fried [10] proposed ovocultivation and the development
of a great variety of trematode parasites in fertile chicken eggs.
In our study, the egg’s yolk was used for the first time as a suit-
able environment for the culture of these brachycoeliid parasites
from metacercariae to egg-producing adults. 

Recent in vitro cultivation studies have shown experimental
approaches using animal sera for growth and maturation of
worms; gymnophallids [11], microphallids [12,13], and schis-
tosomatids [14]. Stewart et al. [15] developed in vitro strigeid
metacercariae of Apatemon cobitidis proterorhini and Cotylurus

erraticus to ovigerous adults in 5 days at 41℃, using a semi-solid
culture medium of chicken serum and egg albumen. The inclu-
sion of albumen as a rich source of amino acids appeared to be
of nutritional benefit, insofar as it reduced the time to egg pro-
duction by 1-2 days compared to that obtained by Mitchell et al.
[16] for C. erraticus. Kook et al. [11] cultured metarcecariae of
Gymnophalloides seoi; these authors observed that specimens did
not produce eggs at 37℃ but at 41℃ the number of eggs pre-
sents was higher, suggesting that the temperature places an impor-
tant role in the developmental and sexual maturation of gym-
nophallids in vitro. These studies were supported by recent re-
views to trace the achievements of helminthological studies [17]
and of echinostomes [18].

Cultivation of trematodes on chick embryos has been done
mainly to gain basic biological information about these para-
sites, such as to identify metacercariae for which definitive hosts
are not available. The time needed to obtain the adult stage was
24 days at 38℃ in our study, as compared to 7-10 days required
for the technique of Fried [10]. Optimum temperature varied
from 38℃ [19] to 41℃ [20]. The apparent reason for this dif-

ference is that in the case of fertilized eggs, using chicken egg
embryos, the parasites have a more accessible sanguineous food
source, as they can ingest and utilize blood from the vascular
CAM [6,21] which is not possible in unfertilized eggs. The rela-
tive nutritional contributions of tissues, secretions, exudates, and
blood for helminths cultivated in ovo are not known. In the case
of unfertilized eggs, even though it is not properly documented,
it is possible that the parasites feed themselves from the yolk,
since this is a zone where the parasites were preferentially found.
Helminths grown on the CAM derive nutrients from that site by
feeding on tissues, cell exudates, secretions, or blood [7]. The
ideal composition of the medium for development and egg pro-
duction, however, varies according to the host species and the
preferred site of infection within the gastrointestinal tract of the
definitive host [22]. 

A variety of parasites have been described using Fried’s ovocul-
tivation technique, for example: Philopthalmus sp. Looss, 1899 [5];
Himasthla quissetensis Miller and Nortup, 1926 [23]; Echinostoma

revolutum Froelich, 1802 [21,24-27]. With our new technique,
a retardation of trematode development caused by the absence
of the embryo could explain why the adult stage took 24 days
to develop. Perhaps the source of food in Fried’s technique was
the CAM, which may contain the disposition of food (blood)
more available. In contrast, the source of food in our study is
the yolk, a major source of unsaturated fatty acids [28]. 

Helminthological studies in wild animals are important be-
cause they lead to a better understanding of the behavioural links
between the host and parasite in nature. This knowledge may
help in avoiding epizootic diseases in other ecosystems [29]. In
the case of the spiny lobster, it is important to emphasize the
effects these parasites could have on fisheries in economic terms,
as well as the effects of parasitizing in humans. P. argus is an im-
portant economic resource for both Quintana Roo and Mexico
as a whole [30]. In Mexico, this trematode was recorded for the
first time from the coasts of the Pacific Ocean [8], and for the
second time from the Caribbean coast [2]. These studies have
found that adult Cymatocarpus are parasites of marine turtles, and
the presence of metacercariae in P. argus reveals that in this local-
ity, unequivocal signals of parasitism exist. Additionally, the high
levels of prevalence (49.4%) and no preference for host sex sug-
gests that P. argus host a stage of the parasite’s life cycle. It is also
important to emphasize that, in Mexico, the lobsters represent
fishing resources of great importance, and this parasitism in the
lobster could strongly affect its fishing ground and its market
value due to the intense observed parasitism (almost 50%). Al-
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though it is unknown to what extent the parasite causes physi-
ological damage to the host, it is obvious that a product that has
observable dots in the muscle is not desirable for the consumer
and thus may cause great economic losses. 

In the present study, the technique applied is a valuable tool
due to the ability to bypass the host in experimental conditions.
In this case, in particular, the host is a marine turtle that is glob-
ally in danger of extinction [31,32]. Future comparison of 18S
ribosomal RNA gene (or other conserved gene) sequence be-
tween the digenean collected from lobsters and C. solearis isolat-
ed from turtles, should be conducted.

Finally, the present study shows that in vitro cultivation of
trematodes would assist studies on the basic biology of the par-
asites and their host. This simple and successful method of ovo-
cultivation of the trematode C. solearis (Brachycoeliidae) should
be extended to other helminths, and further studies be performed
in order to obtain more adult stages of parasites with complicat-
ed life cycles.
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