
ARTICLE IN PRESS
European Journal of

PROTISTOLOGY
0932-4739/$ - se

doi:10.1016/j.ej

�Correspond
E-mail addr
European Journal of Protistology 43 (2007) 101–114

www.elsevier.de/ejop
Morphological redescription of two endocommensal ciliates, Entorhipidium
fukuii Uyemura, 1934 and Madsenia indomita (Madsen, 1931) Kahl,

1934 from digestive tracts of sea urchins of the Yellow Sea,

China (Ciliophora; Scuticociliatida)

Hongan Longa, Weibo Songa,b,�, Yangang Wanga, Jiqiu Lib

aLaboratory of Protozoology, KLM, Ocean University of China, 266003, Qingdao, P.R. China
bLaboratory of Protozoology, College of Life Science, South China Normal University, Guangzhou 510631, China

Received 14 June 2006; received in revised form 25 November 2006; accepted 6 December 2006
Abstract

Definitions of the genera Entorhipidium and Madsenia have been updated on the basis of the results of studies on the
living morphology and infraciliature of the endocommensal ciliates, Entorhipidium fukuii Uyemura, 1934 and
Madsenia indomita (Madsen, 1931) Kahl, 1934, isolated from digestive tracts of the sea urchin, Hemicentrotus

pulcherrimus. Entorhipidium are flattened marine endocommensal scuticociliates with a sigmoid body shape and
conspicuous tail; the buccal cavity is in the anterior half of the cell and the buccal ciliature has a Uronema-like pattern;
the somatic kineties form both apical and post-oral sutures. Because of this new definition, a new combination is
suggested: Entorhipidium caudatum (Poljansky, 1951) nov. comb. (basionym: Cryptochilidium caudatum Poljansky,
1951). Madsenia are flattened, slender-bodied endocommensal scuticociliates, having a buccal cavity in the anterior
half of the cell with M1 and M2 fused into a single structure and both M3 and the paroral membrane short; the
somatic kineties form an anterior suture; no caudal bristle was observed.
r 2007 Elsevier GmbH. All rights reserved.
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Morphology and infraciliature
Introduction

Endocommensal ciliates of echinoderms, especially
those highly flattened scuticociliates inhabiting the
intestines of sea urchins, have attracted the attention
of many researchers (Berger 1960, 1961, 1964, disserta-
tion; Hentschel 1924; Jankowski 1973, 1974, 1980; Kahl
1934; Lynch 1929; Madsen 1931; Maupas 1883;
e front matter r 2007 Elsevier GmbH. All rights reserved.
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ing author.

ess: wsong@ouc.edu.cn (W. Song).
Poljansky 1951; Powers 1933a, b, 1935; Profant 1965,
dissertation; Russo 1914; Uyemura 1934; Yagiu 1934).
However, only a few of these studies were carried out
using modern methods, and hence species identification
in most groups remains difficult (Berger 1960, 1961,
1964, dissertation, 1965; Foissner 1985; Long et al. 2006;
Lynn and Berger 1972, 1973; Lynn and Frombach 1987;
Profant 1965, dissertation; Song et al. 1999).

In the summer of 2005, two poorly known endocom-
mensal ciliates were isolated from digestive tracts of
the sea urchin Hemicentrotus pulcherrimus and then
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morphologically studied using in vivo and silver
impregnation methods. These species have been re-
described from the results of these studies and improved
definitions are provided.
Materials and methods

The sea urchin, Hemicentrotus pulcherrimus was
collected during the summer of 2005 from coastal
regions near Qingdao, north China (361080N;
1201430E). The salinity was 30% and the water
temperature was about 20 1C. To obtain ciliates, the
hosts were dissected, and the digestive tracts were
transferred to Petri dishes filled with filtered seawater.
The released contents were examined and ciliates were
picked out with a fine pipette.

After isolation of the ciliates, observations on living
cells were carried out with a microscope equipped with
Nomarski differential interference optics. Protargol
(Wilbert 1975), silver nitrate (Song and Wilbert 1995)
and silver carbonate (Ma et al. 2003a) staining methods
were used to reveal the infraciliature and silverline
systems. Drawings of impregnated specimens were made
with the help of a camera lucida; measurements were
performed at 100–1250 magnification. Systematics and
terminology are mainly according to Corliss (1979).

Voucher slides of both species have been deposited in
the Laboratory of Protozoology, Ocean University of
China, with the following registration numbers: En-

torhipidium fukuii, 2005050701-1 (with protargol) and
2005050701-2 (with silver nitrate impregnation); Mad-

senia indomita, 2005072301-1 (with protargol) and
2005072301-2 (with silver nitrate impregnation).
Results

Order Scuticociliatida Small, 1967
Family Entorhipidiidae Madsen, 1931
Genus Entorhipidium Lynch, 1929
To the authors’ knowledge, the most recent defini-

tions of this genus at silver staining level date from the
1960s (Berger 1961, 1964, dissertation; Profant, 1965,
dissertation). Based on the data obtained in both
previous and the present studies, we here suggest an
improved diagnosis.
Fig. 1. Entorhipidium fukuii (A–I) and E. enchi (J, K) from life (A–

H–K). A. Right side of a typical cell. B, C. Two slightly deformed ind

the buccal apparatus, double-arrowheads indicate the anterior end o

sigmoides, after Yagiu, 1934). G. Right side (called Biggariella fuk

arrows mark the dikinetid kineties adjacent to the dorsal margin, arr

right side of Entorhipidium enchi (after Profant, 1965, disserta

macronucleus; M1–M3, membranelles; Mi, micronucleus; PM, paro

Scale bars in A ¼ 30 mm, in B, C, F, G, H ¼ 40mm, in D ¼ 35 mm,
Improved diagnosis for the genus: Marine endocom-
mensal scuticociliates with a sigmoid body shape and
conspicuously narrow posterior end, strongly bilaterally
flattened; cytostome located in a concavity anterior to
equatorial level; buccal apparatus of Uronema-pattern,
i.e. M1 single-rowed while M2 and M3 are clearly
separate and with multi-row-structure, paroral mem-
brane terminating at anterior level of M2; somatic
kineties form both apical and post-oral sutures, and
because these kineties are often in a twisted or spiral
mode, the post-oral suture is formed on the right side of
the cell; found in sea urchin digestive tracts.

Remarks: Considering the buccal apparatus, this
genus is extremely similar to the well-known Entodiscus

Madsen, 1931, whose species are also endocommensal
forms in sea urchins and characterized by an oval,
bilaterally flattened body shape and Uronema-like
buccal apparatus (Foissner 1985; Song et al. 1999).
Entorhipidium can be distinguished from Entodiscus,
however, by the following features: (1) the sigmoid body
shape and slightly twisted ciliary rows, (2) the conspic-
uous tail (see Foissner 1985; Song et al. 1999).

Another genus, the poorly known Cryptochilum was
recently redefined by Song et al. (1999); this differs from
Entorhipidium in possession of a rounded body shape
with rounded posterior end (versus S-shaped with a
definite tail) and different structure of the buccal
apparatus, i.e. M1 long and highly developed with
several rows (versus single-rowed M1 with 6–8 kineto-
somes in Entorhipidium).

Entorhipidium fukuii Uyemura, 1934, with a

description of the Chinese population (Figs. 1–3;

Tables 1, 2)

Synonyms:
Cryptochilidium sigmoides Yagiu, 1934
Cryptochilum fukuii (Uyemura, 1934) (Berger, dis-

sertation, 1964)
Cryptochilum sigmoides (Yagiu, 1934) (Berger, dis-

sertation, 1964)
Biggariella fukuii (Uyemura, 1934) (Profant, disserta-

tion, 1965)
Oreoctoma sigmoides (Yagiu, 1934) Jankowski, 1980

Little data concerning the structure of the buccal
apparatus of this species was previously available at
D, F), after protargol (E) and silver nitrate impregnations (G,

ividuals. D. Right side view (after Uyemura, 1934). E. Detail of

f the paroral membrane. F. Right side (called Cryptochilidium

uii, after Profant, 1965, dissertation). H, I. The infraciliature,

owheads indicate the apical suture. J, K. Buccal apparatus and

tion). CVP, contractile vacuole pore; Cyp, cytopyge; Ma,

ral membrane; Sc, scutica; SL, silverline; SK, somatic kinety.

in K ¼ 100 mm.
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infraciliature level though the species was repeatedly
reported/described (under different generic affiliations,
see Berger 1964, dissertation; Profant 1965, disserta-
tion). Hence, an improved diagnosis is suggested here
based mainly on the Japanese population of Uyemura
(1934) and our newly isolated Chinese specimens.

Improved diagnosis: Large Entorhipidium about
70–175� 25–60 mm in vivo; body sigmoid with a
conspicuously long tail; about 28–33 bipolar somatic
kineties, which form a considerable suture along the
apical margin; post-oral suture prominent; M1 com-
posed of a single long row with ca. 9 kinetosomes; one
large oval macronucleus and one micronucleus; con-
tractile vacuole pore positioned near the posterior end of
somatic kinety Nos. 3 or 4.

Description: The body size and shape in the Chinese
population are rather consistent; in vivo they usually
measure about 120–160� 40–50 mm and are compressed
bilaterally about 1:3. Their outline is sigmoid when
viewed from the side, with the posterior end forming a
conspicuous tail about 30 mm long, which always shows
a distinct curvature towards the dorsal side (Figs 1A–C
and 2A–C). The dorsal margin is convex and the ventral
margin generally straight with the buccal area slightly
concave (Figs 1A–C and 2A–C). The buccal field is
narrow and located in the anterior fifth of the body
(Figs 1A–C and 2C). A noticeable striation of the
cortex, especially in anterior part of cell, corresponds to
the ciliary rows (Fig. 2B). The pellicle is thin and no
extrusomes were observed. The somatic cilia are ca.
7–10 mm long, reaching their maximal density near the
anterior end (Figs 1A–C and 2C). The caudal bristle is
prominent and stiff, about 15–20 mm long (Figs 1A–C
and 2D). The endoplasm is colourless, hyaline, often
containing abundant tiny granules, especially around
the macronucleus (Figs 1A–C, 2B and C). A single large
rounded macronucleus is located centrally (Fig. 2C),
with one spherical micronucleus attached to it (Figs 1H
and 2H). The contractile vacuole is often rather small,
positioned in the posterior 1/3 of the body (Figs 1A–C
and 2C).

After isolation, most ciliates were seen creeping on the
substrate and sometimes swimming with rotation
around the longitudinal axis of the cell. The number
of individuals decreased greatly within 2 h, when kept in
Petri dishes at room temperature.
Fig. 2. Photomicrographs of Entorhipidium fukuii in vivo (A–D), af

A. Right side view, arrow marks the tail. B. Arrow shows cortical str

macronucleus, arrow marks the oral area and double arrowheads p

Ma. D. Arrow indicates the caudal bristle. E. Arrow reveals the scu

paroral membrane (double arrowheads). G. Same buccal area fo

macronucleus and micronucleus (arrow). I. Posterior part of righ

cytopyge (arrow). J, K. Views of the left and right sides showing the

the densely ciliated parts of the kineties marked by arrows in J. Ma,

D ¼ 15 mm.
The buccal ciliature is typical of the genus. Within the
deep buccal cavity are three well-developed membra-
nelles (M1–3); M1 is comprised of a single row of about
6–9 kinetosomes (Figs 1E and 2G), while M2 and M3,
each composed of 4–5 rows of kinetosomes, are located
relatively far away from M1 (Figs 1E and 2F). The
paroral membrane is double-rowed, reaching the level of
the anterior margin of M2 (Figs 1E and 2F).

The somatic infraciliature consists of about 30
kineties formed almost entirely of monokinetids, which
in central parts are conspicuously sparsely ciliated
except the two rows on the dorsal margin (Fig. 1H
and I). The basal bodies in anterior parts of all kineties
are very closely arranged (Figs 1H, I, 2J and K).
Kineties of the left and right sides form a slit-like apical
suture along the anterior margin (Figs 1I and 2J) and a
postoral suture on the ventral side (Fig. 1H), The
contractile vacuole pore is located at the posterior end
of kinety No. 3 or 4, to the right of the cytopyge
(Figs 1H and 2I). The scutica is Y-shaped, consisting of
about 15 kinetosomes (Figs 1E and 2E).

The silverline system consists of longitudinal lines
connecting the kinetosomes within each somatic kinety
(Figs 1H, I and 2I), which do not form a caudal circle
(Fig. 1H and I).

Discussion and comparison: With its characteristic
body shape, size, prominent tail, habitat, nuclear
apparatus and general arrangement of the cilia, the
isolate from China corresponds perfectly with the
previous reports (Berger, dissertation, 1964; Profant,
dissertation, 1965; Uyemura 1934; Yagiu 1934); hence
its identification is certain.

Yagiu (1934) described Cryptochilidium sigmoides,

found also in the intestine of sea urchins, in the same
year as Uyemura (1934) described Entorhipidium fukuii

(Fig. 1D and F). According to the living morphology
and the reinvestigation by Profant (1965, dissertation)
(Fig. 1G; Table 2), C. sigmoides is clearly conspecific
with this form, and hence is regarded as a junior
synonym of Entorhipidium fukuii. For the same reason,
Oreoctoma sigmoides (Yagiu, 1934) Jankowski, 1980
should also be synonymized with Entorhipidium fukuii.

The redefinition by Song et al. (1999) of the genus
Cryptochilum, with a very different buccal infracilia-
ture (see above), means that the new combinations for
this organism, Cryptochilum fukuii (Uyemura, 1934)
ter protargol (E–H, J, K) and silver nitrate impregnations (I).

iations. C. Right side of a typical cell. Arrowhead indicates the

oint to the contractile vacuole. Note tiny particles around the

tica. F. Buccal area showing M2 (arrow), M3 (arrowhead) and

cused to show M1 (arrow). H. General view to show the

t side to show the contractile vacuole pore (arrowhead) and

arrangement of the anterior parts of somatic kineties, including

macronucleus. Scale bars in A, B, H ¼ 80 mm, in C ¼ 50 mm, in
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Fig. 3. Entodiscus pseudoenchi (A–D, after Song et al., 1999), E. enchi (E, I, J, after Foissner, 1985), E. borealis (F, after Madsen,

1931), E. sabulonis (G, after Powers, 1935), E. indomitus (H, after Madsen, 1931) from life. A. Right side of E. pseudoenchi. B. Part of

right side showing the buccal apparatus. C. Caudal part of right side, indicating the ‘‘shortened’’ somatic kineties at the posterior

end of the cell (arrows). D. Left side; note the suture-like apical area. E. Right side of E. enchi (Russo, 1914) Foissner, 1985. F. Right

side of E. borealis. G. Right side of E. sabulonis.H. Right side of E. indomitus. I, J. Ventral and dorsal view of E. enchi (Russo, 1914)

Foissner, 1985. As, apical suture; Cs, cytostome; CVP, contractile vacuole pore; Cyp, cytopyge; Ma, macronucleus; M1–M3,

membranelles; Mi, micronucleus; PM, paroral membrane; Sc, scutica; SK, somatic kinety. Scale bars in A, D ¼ 50 mm, in E, I,

J ¼ 25mm, in F ¼ 40 mm, in G, H ¼ 30 mm.
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Table 1. Morphometric data of the Qingdao population of Entorhipidium fukuii Uyemura, 1934 (upper line) and Madsenia

indomita (Madsen, 1931) Kahl, 1934 (lower line)

Characters Min Max Mean SD CV n

Body length in mm 120 165 144.5 13.24 9.2 18

68 108 89.2 9.44 10.6 30

Body width in mm 36 52 44.5 4.93 11.2 18

20 34 25.9 3.31 12.8 28

Number of somatic kineties 28 33 30.1 1.18 3.9 18

18 20 19.2 0.65 3.4 30

Number of macronucleus 1 1 1 0 0 18

1 1 1 0 0 30

Number of micronucleus 1 1 1 0 0 11

1 1 1 0 0 30

Length of macronucleus in mm 38 62 46.8 7.22 15.4 18

14 22 18.8 1.96 10.4 29

Width of macronucleus in mm 28 44 35.2 5.00 14.3 18

10 14 12.3 1.40 11.4 28

Length of micronucleus in mm 4 8 5.6 1.17 20.9 10

3 6 4.0 0.74 18.7 29

Width of micronucleus in mm 3 6 4.7 0.82 17.5 10

2 5 3.3 0.65 19.5 29

Length of buccal field in mm 21 27 24.1 1.85 7.7 15

— — — — — —

Length of paroral membrane in mm 9 17 12.7 2.22 17.1 15

— — — — — —

Length of M1-M2-complex in mm — — — — — —

9 18 13.2 1.82 13.8 25

Distance from anterior end of paroral

membrane to the anterior pole in mm
15 31 23.2 5.69 24.7 18

— — — — — —

Number of kinetosomes in M1 6 9 7.2 0.83 11.9 16

— — — — — —

Kinetosomes in the scutica 10 26 15.6 4.94 30.9 14

— — — — — —

Data are based on protargol impregnated specimens. CV ¼ coefficient of variation in %; max ¼ maximum; mean ¼ arithmetic mean;

min ¼ minimum; n ¼ number of cells measured; SD ¼ standard deviation.
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suggested by Berger (1964, dissertation) and Cryptochi-

lum sigmoides (Yagiu, 1934) by Berger (1964, disserta-
tion) are rendered invalid.

Cryptochilum sigmoides sensu Berger, 1961 is clearly
not the same species, since it has a significantly different
buccal apparatus: M1 is patch-like and multi-rowed. In
addition, the body shape is also rather different: slender
and sigmoid with relatively long tail (Fig. 6C and D;
Berger 1961). This organism clearly requires re-exam-
ination.

Profant combined Entorhipidium fukuii into his new
genus, Biggariella in his unpublished dissertation (1965).
However, the genus Biggariella is a nomen nudum
because of the absence of any formal description or
definition (Aescht 2001), and in any case his new
combination Biggariella fukuii (Uyemura, 1934) is a
junior synonym.

The congener Entorhipidium enchi Lynch, 1929 is
much larger (4200 mm), has conspicuously more so-
matic kineties, several contractile vacuole pores and a
different structure of the buccal apparatus (Fig. 1J and
K) (Lynch 1929; Profant, dissertation, 1965); hence it is
easily separated from E. fukuii.

In its general morphology, Entorhipidium fukuii

also resembles the morphotype Cryptochilidium cauda-

tum Poljansky, 1951 [called Cryptochilum caudatum
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Table 2. Morphometric data of different isolates of Entorhipidium fukuii Uyemura, 1934 (a) and two populations of the congener

E. caudatum (Poljansky, 1951) (b)

Synonyms Size in vivo Ciliary rows, no. Host (sea urchins) Data sources

Entorhipidium fukuiia 120–170� 35–60 28–33 Hemicentrotus pulcherrimus Present work

Entorhipidium fukuiia 73–175� 22–47 ca. 32–40 Anthocidaris crassispina Uyemura (1934)

Pseudocentrotus depressus

Strongylocentrotus pulcherrimus

Strongylocentrotus intermedius

Glyptocidaris crenularis

Cryptochilidium sigmoidesa 69–107� 21–41 ca. 26 Anthocidaris crassispina Yagiu (1934)

Cryptochilum sigmoidesa 94–153� 40–55 24–38 Allocentrotus fragilis Berger (1964)c

Strongylocentrotus

droebachiensis

Strongylocentrotus echinoides

Strongylocentrotus franciscanus

Strongylocentrotus purpuratus

Biggariella fukuiia 76–160� 33–60 29–33 Various echinoids in the north Profant (1965)c

Pacific Ocean

Cryptochilidium caudatumb 80–150� 28–58 ca. 40–50 Strongylocentrotus nudus Poljansky (1951)

Berger (1964)c

Cryptochilum caudatumb 183–306� 57–114 46–63 Allocentrotus fragilis Berger (1964)c

Measurements in mm.
aSynonyms of Entorhipidium fukuii Uyemura, 1934.
bSynonyms of Entorhipidium caudatum (Poljansky, 1951) nov. comb.
cDissertation, unpublished.
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(Poljansky, 1951) in Berger, 1964, dissertation], which
very probably belongs to the genus Entorhipidium as the
position of its buccal area differs greatly from that of
Cryptochilidium (in anterior 1/3 versus below the cell
equator in Cryptochilidium) (Poljansky 1951; Profant,
dissertation, 1965). Thus a new combination is sug-
gested: Entorhipidium caudatum (Poljansky, 1951) nov.
comb. (basionym: Cryptochilidium caudatum Poljansky,
1951). Entorhipidium fukuii differs from E. caudatum in
having considerably fewer ciliary rows (24–40 versus ca.
40–63 in the latter) and is much smaller
(70–175� 20–60 mm versus 183–306� 57–114 mm in the
latter) (Fig. 6A; Table 2). Hence, they are unlikely to be
conspecific.

The particular form of the S-shaped body and the
presence of the conspicuous tail make Entorhipidium

fukuii easily distinguishable from species of the genus
Entodiscus from the same biotope: E. pseudoenchi Song
et al., 1999, E. borealis (Hentschel, 1924) Madsen, 1931,
E. enchi (Russo, 1914) Foissner, 1985 and E. sabulonis
g. 4. Madsenia indomita (Madsen, 1931) Kahl, 1934 from life (A–C,

, I). A. Right side of a typical individual. B, C. To show non-typ

fraciliature (after Profant, 1965, dissertation). F. Ventral view, after M

nnected. H, I. Infraciliature of right and left sides, respectively, arrow

dicate the anterior part of somatic kineties on the right side. Note th

re; Cyp, cytopyge; Ma, macronucleus; M1+M2, M1–M2 complex

1; PM, paroral membrane; SK, somatic kinety. Scale bars in A, I
Powers, 1935 (now regarded as synonymous with E.

enchi) (Fig. 3A–G, I and J; Foissner 1985).

Genus Madsenia Kahl, 1934

This genus has been placed in the family Entodiscidae
Jankowski, 1973 on account of its bilaterally flattened
body shape, the pre-equatorial position of the cytostome
and its habitat in the sea urchin intestine (Corliss 1979).
However, no clear definition of this genus is available,
although Profant (1965, dissertation) has roughly
described its oral infraciliature. A formal diagnosis is
therefore provided here, based on previous data and the
present work.

Diagnosis: Endocommensal scuticociliates with slen-
der, bilaterally flattened body; M1 and M2 incorporated
into a single structure, i.e. forming an M1–M2 complex;
M3 short; paroral membrane short, extending anteriorly
to posterior level of M1–M2 complex; apical suture
present, cytostome located anterior to equatorial level;
F), after silver nitrate (D, E, G) and protargol impregnations

ical body shapes and sizes. D, E. Ventral and right views of

adsen (1931). G. Buccal apparatus, note that M1 and M2 are

head marks the two basal bodies at the end of the tail, arrows

e structure of the M1–M2 complex. CVP, contractile vacuole

; M3, membranelle 3; Mi, micronucleus; NA, naked area of

¼ 30mm, in B, C ¼ 25 mm, in D–F ¼ 40 mm.
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no prominent caudal bristle; marine forms, within sea
urchin digestive tracts.

Remarks: One problem remains unsolved concerning
the definition of the so-called M1–M2 complex of the
oral apparatus. We consider that this complex results
from the fusion of membranelles 1 and 2 in the non-
division stage, so that it appears as a single ciliary
structure. The same appearance could result if the M1 is
reduced or missing, so that the apparent M1–M2
complex would then actually consist only of the M2.
Study of the morphogenesis might reveal which is the
correct explanation.

Fortunately, one specimen in the middle-late stage of
stomatogenesis has been observed (Fig. 5I, P). In this
specimen no kinetosomes appear anterior to the single
structure of the M1–M2 complex, which is about the
same shape and size as that in the non-divisional stage.
It is the authors’ opinion that the structure seen in
this specimen represents the primordia of both the M1
and M2 rather than only the M2 (Ma et al. 2003b).
Thus, it might be most appropriate to use the term of
M1–M2 complex until further morphogenetic details are
available.
Madsenia indomita (Madsen, 1931) Kahl, 1934 with

a description of the Chinese population (Figs 3H, 4,

5; Tables 1, 3)

Synonyms:
Entodiscus indomitus Madsen, 1931
Anophrys elongata Biggar and Wenrich, 1932
This organism has never been clearly described on the

basis of the results of silver staining. Following the
previous (Kahl 1934; Madsen 1931; Profant, disserta-
tion, 1965) and the current studies, an improved
diagnosis is suggested.

Improved diagnosis: Medium sized Madsenia with
slender and elongated body shape, posterior end
pointed; ca. 70–170� 15–40 mm in vivo; about 19
somatic kineties, M1–M2 complex prominent with five
longitudinal rows of kinetosomes; contractile vacuole
subcaudally positioned, with the pore near posterior end
of somatic kinety No. 2.

Description: The size in our isolate was rather
constant, in vivo mostly about 90� 25 mm. The body
Fig. 5. Photomicrographs of Madsenia indomita (Madsen, 1931) Ka

silver carbonate (J) and silver nitrate impregnations (D, G, H, I, P

cortical structure. D. Contractile vacuole pore (arrow) and cytopyg

vacuole (arrowhead). F, K, L. Individuals with different body shapes

the macronucleus. G. Arrow shows M1–M2 complex and arrowhead

of an individual in morphogenesis, note that M1+M2 form a single

while the arrow in P points to the apical suture. J. Arrow points to b

and left views of the same specimen. M1+M2, M1–M2 complex

A ¼ 20 mm, in B, D, I, P ¼ 40mm, in E, F, K, L, M ¼ 30 mm, G ¼ 1
was strongly bilaterally flattened and the body shape
was somewhat variable, being generally slender and
elongate, narrow or truncated dorsally at the anterior
end, but always slightly or strongly pointed at the
posterior end (Figs 4A–C, F, 5F and K–M). The buccal
field was narrow and slightly concave in the posterior
portion, occupying (from cytostome to apical end)
about 1/4–1/3 of body length (Figs 4A–C and 5F).
The pellicle was thin, with striations corresponding
to the ciliary rows (Fig. 5B). No extrusomes were ob-
served and the cytoplasm was transparent and colour-
less, always containing many tiny shining granules
(Figs 4A–C, 5, F, K and L). The contractile vacuole
was small, located in posterior 1/4 of the body length
near the ventral margin of the cell (Figs 4A–C, 5E, F
and K). The macronucleus was large, round to oval
in shape, with one spherical micronucleus close to it
(Figs 4A–C, H, 5E, F, N and O).

The cilia were about 6 mm long, densely arranged on
the anterior 1/3 of the cell, but sparsely arranged on
other body parts; there was no prominent caudal bristle,
but several cilia arise near the posterior end and have the
same length as other cilia (Figs 4A–C, I and 5J).

The cells mainly swam in the upper water layer after
isolation, moderately fast and rotating about the long
axis of the body. The number of swimming cells
decreased greatly within an hour after being isolated
from sea urchins.

The infraciliature in silver-stained preparations con-
sists of 18–20 sparsely arranged, bipolar somatic
kineties, usually composed of dikinetids in the anterior
3/4 of the body, with kinetids in the anterior 1/4 of
kineties on the right side closely spaced (Figs 4D, E, H,
I, 5D, N and O) and with left and right somatic kineties
forming the apical suture along the anterior pole
(Fig. 5P). The contractile vacuole pore is located at
posterior fourth of the ventral side (Figs 4D, 5D and I),
near the short cytopyge (Figs 4D, G and 5D).

In the buccal apparatus, shown in Fig 4G and H, M1
and M2 form a single structure, the M1–M2 complex,
which consists of five longitudinal rows of kinetosomes
separated from a fairly short M3. The paroral mem-
brane at the right of the shallow buccal cavity is gently
curved and extends anteriorly to the level of the
posterior 1/5 of the M1–M2 complex (Fig. 4G and H).
The silverline system takes the form of longitudinal
hl, 1934 from life (A, B, E, F, K–M), after protargol (C, N, O),

). A, C. To show M1–M2 complex (arrows). B. Showing the

e (arrowhead). E. The macronucleus (arrow) and contractile

, arrow indicates the contractile vacuole and arrowhead marks

shows M3. H. Silverline system. I, P. Ventral and dorsal views

structure (I); arrow in I indicates the contractile vacuole pore,

asal bodies at the end of the tail. M. Dorsal view. N, O. Right

; M3, membranelle 3; PM, paroral membrane. Scale bars in

5 mm, in J ¼ 10mm, in N, O ¼ 50 mm.
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Table 3. Morphological comparison of populations of Madsenia indomita (Madsen, 1931) Kahl, 1934

Synonyms Size in vivo Ciliary rows, no. Host sea urchins Data sources

Madsenia indomita 70–110� 20–35 18–20 Hemicentrotus

pulcherrimus

Present work

Entodiscus indomitus

Madsen, 1931

80–117� 20–23 ca. 14 Strongylocentrotus

droebachiensis

Madsen, 1931

Anophrys elongata 166� 33 16–18 Toxopneustes variegates Biggar and Wenrich, 1932

Biggar and Wenrich, 1932 Echinometris subangularis

Measurements are in mm.

Fig. 6. Some related morphotypes. A. Cryptochilidium caudatum Poljansky, 1951, right side (after Poljansky 1951). B. Entodiscus

indomitus Madsen, 1931, right side (after Biggar & Wenrich 1932). C, D. Cryptochilum sigmoides sensu Berger, 1961 after silver

nitrate impregnation, right side and buccal apparatus (presumed misidentification, after Berger 1961). E. Anophrys elongata Biggar

& Wenrich, 1932, right side (after Biggar & Wenrich 1932). Scale bars in A, C ¼ 40 mm, in B, E ¼ 50 mm.
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lines connecting kinetosomes of each somatic kinety
(Figs 4D and 5H).

Discussion: Madsenia indomita was originally de-
scribed by Madsen (1931) under the name, Entodiscus

indomitus Madsen, 1931. Later, it was transferred into
the monotypic genus Madsenia by Kahl (1934). Profant
(1965, dissertation) gave a detailed re-description based
mainly on the infraciliature. The Qingdao isolate
corresponds very well with the previous reports
(Figs 3H, 4A, D, E and G–I; Table 3). Thus, the
identification of this population is quite certain.

Powers (1933a) redescribed Entodiscus indomitus

Madsen, 1931, but reported that his isolate possessed a
16 mm long caudal bristle (versus caudal cilia as long as
somatic ones in Madsen’s records; Figs 3H and 6B).
Since Powers’ description was based only on living cells
and the character of a caudal bristle is usually a reliable
feature for species identification, we are not convinced
that they could be conspecific.

Biggar and Wenrich (1932) reported a new species,
Anophrys elongata, whose living characters, such as
body shape, general appearance of the ciliary structure
and nuclear apparatus correspond well with our
Madsenia indomita population except that the described
Anophrys elongata is relatively bigger (166� 33 versus
90� 25 mm) and its contractile vacuole is caudally
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located (versus subcaudally located in Madsenia indo-

mita; Fig. 6E). Since these differences might be
population-dependent, Anophrys elongata could be the
junior synonym of Madsenia indomita (Madsen, 1931)
Kahl, 1934. Detailed study of the buccal ciliature is
necessary to resolve this question.
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