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CONTRIBUTION TO THE KNOWLEDGE OF THE PROSERIATA 
(PLATYHELMINTHES: SERIATA) FROM THE GULF OF ELAT (RED SEA): 

GENUS MINONA  MARCUS, 1946

M a r c o  C u r i n i - G a l l e t t i  

D ipartim ento di Zoología e Antropología  Biológica, Università di Sassari, 
via M aroni 25, Sassari 1-07100, Italy

A B STR A C T

T hree new  species o f  the genus M inona  M arcus, 1946 from  Elat (Red Sea) are 
described: M. ileanae  n. sp .,M . pseudoileanae  n. sp., and M. albicincta  n. sp.
They differ in details o f  the copulatory organ, size and shape o f the accessory 
organ, pigm entation, and karyotype. The three species present a rare m orpho­
logical feature for the genus M inona  (i.e., fusion of m ale and accessory organ 
pores). Due to the presence o f this synapom orphy, a sister-species relation­
ship is proposed for them .

IN TR O D U C TIO N

The genus M inona  M arcus, 1946 is one of the largest o f the family M onocelididae, w ith 
m ore than 20 species described. It is cosmopolitan in distribution, and particularly 
varied in  species in tropical waters. The genus has not been reported thus far for the Red 
Sea. Research at the H. S teinitz M arine Biological Laboratory o f Elat resulted in the 
finding of three new  species. They are described here.

M ETH O D S

Specim ens w ere collected in sandy habitats by scooping the superficial layer of sedi­
ment. Extraction of the anim als from the sedim ent was done with M gCl2 décantation 
(M artens, 1984). Preservation techniques routinely adopted for Proseriata were used (see 
Martens et al., 1989). For microscopical analysis, specimens were fixed in Bouin’s fluid, 
em bedded in 56 °C Paraplast, and serial sagittal sections w ere cut at 2 -4  pm , stained 
with H eidenhain’s stain (see W estheide and Purschke, 1988), and m ounted in Euparal.

Karyological techniques w ere as described by Curini-Galletti et al. (1989). Relative 
lengths (r.l. = length of chromosome x 100/total length of haploid genome) and centromeric 
indices (c.i. = length o f short arm  x 100/length of entire chromosom e) w ere obtained from 
m easurem ents of cam era lucida draw ings of 5 -1 0  m etaphase plates for each species. 
Ideogram s are based on karyom etrical data presented in the karyotype formula: haploid
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genom e absolute length in pm , nom bre fondam ental (NF), relative length and centro- 
m eric index of each chrom osom e, and chrom osom e nom enclature in parentheses (m = 
metacentric; sm  = submetacentric). The fundam ental number is derived according to 
M atthey (1949), and chrom osom e nom enclature follow s Levan et al. (1964).

Holotypes are stored in  the collections of the Queensland M useum  (S. Brisbane, 
Queensland, A ustralia). Paratypes are in the au thor’s collection, D ipartim ento di 
Zoología e A ntropología Biológica, Sassari (ZS).

MATERIAL EXAMINED
H olotype: Red Sea, Elat, North Beach, m edium  to coarse terrigenous sand, about 30 

cm deep. A pril 1988; sagittally sectioned: G  211681.

A bbreviauuiis useu i ll n g u ics .
ao: accesso ry  o rgan ; aob: accessory  organ  bulb; aos: accessory  o rgan  sty le t; b: bursa; 
cm: circular m uscles; co: copulatory bulb; cp: com m on pore; fd: fem ale duct; fg: fem ale glands; 
fp: fem ale  pore; ip: inverted penis; m: m outh; ms: m uscle coating; od: oviduct; ov: ovaria; 
ph: pharynx; phg: pharyngeal glands; pi: p igm ent band; rh: rhabdoid; st: statocyst; t: testes; 
vd: vaginal duct; vi: v itellaria; vp: vaginal pore; vs: sem inal vesicle.

SPEC IES D ESC R IPTIO N S

M inona  ileanae  n. sp.
(Figs 1, 4A)

i

Fig. 1. M inona ileanae  n. sp. A: general 
organization o f a live  anim al; B: acces­
sory organ stylet (from  a karyological 
slide); C: reconstruction o f the  genital or­
gans from  sagittal sections. Scale bars = 
10 pm.
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Paratypes: sam e data as holotype, four specim ens sagittally sectioned: ZC 9-12.
O th er m a ter ia l:  sev era l sp e c im en s  s tu d ied  a liv e , tw o sp ec im en s s tu d ied  

karyologically.

D E SC R IPTIO N
Anim als slender, up to 2 m m  long in sectioned material. W ithout pigm ent or 

pigm ented eyespots. Anterior end rounded, provided w ith  oily droplets. Posterior end 
w ith adhesive glands. The epidermis, w ith depressed nuclei, is ciliated except at the 
caudal tip. C ilia (3—4 pm  in length) are slightly longer ventrally than dorsally. The 
epiderm is is provided with elongated rhabdoids (up to 15 pm  long in sections), particu­
larly evident in  the cephalic and caudal region. Pharynx in the distal third of the body, 
com paratively narrow and elongate. It is ciliated (cilia length: about 1.5 pm) except at its 
lum inal proxim al fourth and its m ost distal tip, where pharyngeal glands discharge. The 
esophagus, w ith high and nucleated epithelium , is about 1/5 o f the total length of the 
pharynx.

M ale genital organs: 60 to 70 testes irregularly arranged in front o f the pharynx. The 
copulatory bulb, o f the sim plex type, is ovoid (27 to 42 pm  w ide and 33 to 38 pm  high in 
sections). It consists o f a seminal vesicle, lined by a nucleated epithelium , w hich 
becom es high and glandular distally, w ith nuclei outside the bulb. The bulb is sur­
rounded by a thin coat o f m uscles (3 -4  pm  thick). The m ost distal portion o f the bulb is 
inverted, form ing an eversible penis, about 15 pm  long, w ith thin and nonciliated walls. 
The male copulatory organ protrudes into the common (male + prostatoid) antrum, 
form ing a short and obtuse penis papilla. The antrum is large and nonciliated; it opens to 
the outside through a broad pore, easily appreciable in sem i-squashed living specimens.

The accessory (‘prostatoid’) organ is located close behind the copulatory bulb. The 
bulb of the accessory organ is nearly spherical (27-37  pm  in diameter), filled w ith a 
granular secretion produced by glands w hose nuclei lie outside the bulb. It is surrounded 
by a very thin coat o f m uscles, up to 1.5 pm  thick. The stylet is nib-shaped, w ith a broad 
base; it is 31.1 ± 1.1 pm long in two strongly squashed specim ens that w ere used for 
karyology, and about 22 pm  in a sectioned specim en. The stylet protrudes into the wide 
com m on (male + prostatoid) antrum.

Fem ale genital organs: two ovaries lie in front o f the pharynx. V itellaria extend from 
the level o f the first testes to just in front o f the copulatory organ. Posterior to the 
pharynx, the two oviducts fuse to form  the com mon fem ale duct. Caudal to the fusion, 
the duct w idens dorsally into a rather sm all roundish bursa, lined by a thick, nucleate 
epithelium. Posterior to the bursa, the com m on fem ale duct runs over the m ale organ and 
opens caudally through the fem ale pore. A t least the caudalmost portion o f the duct is 
ciliated. N um erous glands are present around the female pore.

K A R Y O LO G Y
W ith 3 chrom osom es in its haploid set. Karyotype formula: 9.2 ± 0.4 pm ; N F = 6; 

chrom osom e I: 35.97 ± 2.24; 41.95 ± 2.97 (m); chromosom e II: 34.21 ± 1.67; 25.69 ± 
4.20 (sm); chrom osom e III: 29.81 ± 2.02; 32.03 ± 1.58 (sm).
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REMARKS

M. ileanae n. sp. is one o f the few  M inona  species know n w ith m ale and accessory organ 
pores fused into a com m on pore. Am ong them, M . bistylifera  Karling, M ack-Fira, and 
Doijes, 1972 is im m ediately recognizable from the new  species due to the presence o f an 
intrapenial stylet. M. gem ella  A x and Sopott-Ehlers, 1985 (see Curini-Galletti, 1991, for 
an integrated description) has two accessory prostatoid organs, one (rostral) in front and 
one (caudal) behind the copulatory organ. M. secta  Sopott-Ehlers and Ax, 1985 is 
provided w ith a vagina (absent in the new  species), and has few er (18) testes. Further­
more, this species has a larger (60-70  pm ) copulatory bulb, overlain by a much thicker 
muscle coat. M . bermudensis A x and Sopott-Ehlers, 1985 (see Curini-Galletti, 1991, for 
an integrated description) has a very large squarish bursa, quite obvious in sem i­
squashed living specim ens, and a copulatory bulb about three tim es the size o f the 
accessory organ bulb (see A x and Sopott-Ehlers, 1985: 378, fig. 4D).

Am ong the species w here the presence of an accessory organ pore could not be 
ascertained, M. hastata  M artens and Curini-Galletti, 1989 has fewer testes (8), and a 
much longer (about 70 pm  long in not-strongly-squashed w hole mounts) and slender 
stylet. Furtherm ore, the bulb o f the accessory organ is surrounded by a much thicker 
muscle coat (see M artens and Curini-Galletti, 1989: 181, figs, C,D). M. indonesiana  
M artens and Curini-Galletti, 1989 has small, banana-shaped rhabdoids, and a differently 
shaped accessory stylet (see M artens and Curini-Galletti, 1989: 182, fig. 4D). Further­
more, this species lacks a bursa.

Fig. 2. M inona pseudoileanae  n. sp. A: general 
organization o f the posterior region o f the body 
from a live anim al; B: accessory organ stylet 
(from  a karyological slide); C: reconstruction of 
the genital organs from  sagittal sections. Scale
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E TYM O LO G Y
The species is named for Prof. Ileana Puccinelli (Pisa) in recognition of her meticu­

lous w ork on the cytotaxonom y of P latyhelm inthes over a period o f thirty-five years, 
and in gratitude for her encouragem ent o f my ow n work.

M in o n a  pseudoileanae  n. sp.
(Figs 2,4C)

M A TE RIA L EXAM IN ED
Holotype: Red Sea, Elat, N orth Beach, m edium  to coarse terrigenous sand, about 30 

cm deep. A pril 1988; w hole mount: G 211682.
Paratapes: same data as holotype, tw o specim ens sagittally sectioned on one slide: 

ZC  13; one w hole mount: ZC 14.
O th er  m a ter ia l:  sev era l sp e c im en s  s tu d ied  a liv e , fo u r sp ec im en s stud ied  

karyologically.

D E SC R IP TIO N
A nim als very sim ilar to the previous species in general shape, size, ciliation, general 

topography o f internal organs, and structure o f the pharynx. Epiderm is w ith small, 
com m a-shaped rhabdoids, about 5 (im long.

M ale gen ita l organs: A bout 70 testes irregularly arranged in front o f the pharynx. 
The copulatory bulb, o f the sim plex type, is small and nearly globular (27 pm  wide, 25 
pm  high in sections). It consists o f a spherical seminal vesicle, lined w ith a nucleated 
epithelium . Distally, the lining epithelium  is high and glandular. The bulb is surrounded 
by an extrem ely thin coat o f m uscles (about 1.5 pm thick). The distalm ost portion of the 
bulb is inverted, form ing an extrem ely short eversible penis. The bulb protrudes into the 
com m on (m ale + prostatoid) antrum. This antrum  is very large and nonciliated, and 
opens to the outside through a rather narrow pore.

The accessory organ bulb is globular (20 pm  wide; 23 pm  high), surrounded by a 
m uscle coat about 3 pm thick; it is located postero-lateral to the male bulb. The stylet is 
49.6 ± 2 .2  pm  long in strongly squashed karyological slides, and about 45 pm  in a 
sectioned specim en; it is narrow , elongated, and nearly tubular in shape. The stylet 
protrudes into the common (m ale + prostatoid) antrum.

Fem ale genital organs: Ovaries lie in front o f the pharynx. The two oviducts fuse just 
behind the pharynx into a sm all bursa of the resorbiens type, from w hich the common 
fem ale duct originates. The latter opens to the exterior in  front o f the copulatory bulb 
through a vagina. The portion o f the fem ale duct between the bursa and the vaginal duct 
is swollen, and lined w ith num erous circular m uscle fibers. The vaginal duct is lined 
w ith a swollen, nucleate, and ciliated epithelium . The vaginal pore is closer to the 
com m on (m ale + prostatoid) pore than to the mouth. Posterior to the connection w ith the 
vaginal duct, the fem ale duct becom es less sw ollen and m uscular, and opens behind the 
com m on pore into the fem ale pore; it is surrounded by fem ale glands.
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K A R YO LO G Y
With 2 chromosomes in its haploid set. Karyotype formula: 7.3 ± 0.6 pm; NF = 4; chromo­

some 1:54.30 ± 1.10; 44.54 ± 2.70 (m); chromosome H: 45.70 ± 1.10; 46.05 ± 1.58 (m).

R EM ARK S

M. pseudoileanae  n. sp. occurs syntopically w ith M. ileanae, and the two species are 
indistinguishable at low  m agnification. However, the different shape of the stylet (nib­
sh ap ed  w ith  a b ro ad  b a s is  in  M . ilea n a e , tu b u la r  w ith  a narro w  b a s is  in 
M . pseudoileanae) allows discrim ination in gently squashed living specim ens. The two 
species are easily recognized in  sectioned material, as M. pseudoileanae  is provided 
w ith an external vagina, has a sm aller, less m uscular copulatory bulb, and a shorter 
inverted penis. Furtherm ore, its accessory organ is sm aller and m ore m uscular. The 
chrom osom e number is also different.

Am ong the species w ith com bined male + accessory organ pore and a vagina, 
M. secta  has a copulatory bulb that is larger and m uch m ore muscular than that of 
M . pseudoileanae, and is provided also w ith a longer inverted penis. The prostatoid 
stylet o f M. secta  is nib-shaped (see Sopott-Ehlers and Ax, 1985: 339, fig. 5 D,E), as in 
m ost M inona  species; it is tube-shaped in M. pseudoileanae. In M. gem ella  the vaginal 
pore is fused w ith the anterior accessory organ pore (see Curini-Galletti, 1991), w hich is 
absent in the new species. The presence of a vagina could not be ascertained in

od'

co-
Fig. 3. M inona albicincta  n. sp. A: 

a o s  general organization o f a live ani­
m al; B: accesso ry  o rg an  sty le t 

^  (from  a karyological slide); C: gen­
eral organization o f the genital or­
gans from  live anim als. Scale bar = 
10 pm.
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M. bermudensis (see Ax and Sopott-Ehlers, 1985, and Curini-Galletti, 1991). However, 
this species has a characteristic broad squarish bursa, and a copulatory bulb about thrice 
the size of the accessory organ bulb.

E T Y M O L O G Y
T he nam e reflects the close sim ilarity am ong the new  species and M. ileanae.

M in o n a  a lbicincta  n. sp.
(Figs 3,4B)

MATERIAL EXAMINED
H olotype: Red Sea, Elat, between the H. S teinitz M arine Biological Laboratory and 

the U nderw ater Observatory, about 2 m deep in a sea grass meadow; fine sand. April 
1988; w hole m ount: G 211683.

Paratype: same data as holotype, w hole m ount: ZC 15.
O ther material: two specim ens observed alive and used for karyology.

DESCRIPTION
A nim als slender in shape, agile, up to about 2  m m  long in sem i-squashed conditions. 

W ith a narrow  but conspicuous pigm ent band (w hite in reflected light, black in transm it­
ted light) close to the anterior tip of the body. Epiderm is provided w ith very large 
rhabdoids, w hich are particularly num erous in  the anterior and the posterior tips. 
N um erous, very small rhabdoids also present all over the body, som etim es arranged in 
longitudinal rows. The short pharynx is situated in the posterior half o f the body.

M ale genital organs: 5 to 7 testes are arranged in a m edian row in front o f the 
pharynx. T he copulatory bulb, o f the sim plex type, is globular (70-80  p.m w ide in sem i­
squashed conditions), very w eakly m uscular, and with glandular tissue around the penis 
tip. The m ale pore is fused w ith the accessory organ pore to a w ide, slit-like, common 
pore.

The accessory organ is located just behind the copulatory bulb. The accessory organ 
bulb is w eakly muscular and distinctly sm aller than the copulatory bulb. The stylet is 
large (62.2 ± 3 .3  pm  long in strongly squashed karyological slides; 44.2 ± 1.9 um  in 
lactophenol w hole mounts). The stylet has a broad basis, w hich abruptly narrows into a 
tube-like funnel, slightly tapering to the pointed tip.

F em ale genital organs: V itellaria extend from  in front o f the first testes to just 
anterior to the copulatory bulb. Posterior to the pharynx, the two oviducts fuse to form 
the com m on fem ale duct. In front o f the copulatory organ, the fem ale duct form s a small 
roundish bursa. No vagina has been observed. The fem ale duct opens to the outside just 
behind the accessory organ through the fem ale pore, which is surrounded by female 
glands.

K A R Y O LO G Y

W ith 3 chrom osom es in its haploid set. K aryotype formula: 11.3 ± 1.0 pm ; N F = 6; 
chrom osom e I: 41.67 ± 2.39; 46.29 ± 0.91 (m); chrom osom e II: 30.57 ± 1.58; 46.58 ± 
1.09 (m); chrom osom e III: 27.73 ± 2.03; 35.19 ± 3.47 (sm).
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REMARKS

M . a lb ic incta  n. sp. is im m ediate ly  d is tingu ishab le  from  congeneric  species in the 
G ulf o f  A qaba/E lat due to its p igm enta tion , size, and m orpho logy  o f  sty let, and 
rhabdoids. T his set o f characters also  allow s im m edia te  d istinction  am ong the 
M inona  species w ith  com m on (m ale + accessory  organ) pore.

N o o ther M inona  know n to date has a subap ica l transverse p igm ent band, w hite 
in  reflec ted  light. Only M. p e te ra x i K arling , 1978 is p igm en ted  an terio r to the 
sta tocyst. In th is species, how ever, the  p igm ent band is b lack and longitud inal, 
lead ing  to  tw o rostral p igm ented  eye spots.

The sty let o f M . a lb ic inc ta  is unusually  large . O nly  M. g igan tea  A x and 
A rm onies, 1990, M. baltica  K arling  and K innander, 1953, and M . hasta ta  M artens 
and C urin i-G alletti, 1991 have s ty le ts  o f com parab le size. The tw o form er species, 
how ever, are com paratively  very  la rge , and thus the sty le t is p roportionally  m uch 
sm alle r than in the new  species. B oth  o f these species have d istinct m ale and 
accessory  organ pores. M. h a sta ta , on the contrary , is a sm all-bod ied  species, and 
the re la tive  proportion o f the s ty le t is sim ilar to the new  species. T he sty let o f M. 
hasta ta , how ever, is even la rger (abou t 70 pm  long in  no t-strong ly -squashed  w hole 
m ounts), characteristica lly  need le -like  and w ith  a narrow  base.

ETYMOLOGY
The nam e refers to  the sp e c ie s’ pecu lia r p igm enta tion  (L: albus, w hite ; cinctus, 

g ird led).

Fig. 4. Ideograms. A: Minona ileanae n. sp.; B: M. albicincta n. sp.; C: M. pseudoileanae n. sp.
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D ISC U SSIO N

T he condition w ith four distinct genital openings (vagina, m ale pore, accessory organ 
pore, fem ale pore) is considered to be the plesiom orphic character w ithin the genus 
M inona  (Ax and Sopott-Ehlers, 1985; Curini-Galletti, 1991). Rare cases of fusion 
am ong adjoining pores are known: they involve accessory organ and fem ale pores 
(M . trigonopora  Ax, 1956), or, as in the three new  species described here, male and 
accessory organ pores.

Species sharing w ith the new  species such an apom orphic condition range from 
H aw aii (M. bistylifera), the Pacific coast o f U.S.A. (W ashington) {M. secta), and the 
Caribbean (M . gem ella, M. bermudensis). N o other synapom orphy for all these species 
is known, and the possibility that independent events of pore fusion have happened 
cannot be ruled out. However, the presence o f  such a rare apom orphic condition in all 
the species found in the G ulf o f A qaba/Elat suggests, on basis o f parsim ony, that they 
descend from  a com m on ancestor showing this state. Sym patry o f related species is 
often caused by allopatric spéciation and subsequent dispersal into the sister species’ 
habitat. The system  formed by the tw in gulfs o f A qaba/Elat and Suez, isolated from the 
Red Sea during glacials (see Por, 1989), form s a plausible scenario for isolation, 
spéciation, and subsequent contact among species.

The new  species m arkedly differ in the size of stylet, w hich is sm all in M. ileanae, 
m edium  in M. pseudoileanae, and large in M . albicincta. A lthough specific studies are 
lacking, the accessory prostatoid organ is plausibly connected w ith reproduction. The 
marked difference among the three species m ight be a m eans to avoid interspecific 
copulations, at least between the strictly syntopic pair M. ileanae-M . pseudoileanae, 
thus acting as reinforcem ent (i.e., a prezygotic barrier).

The three species are further distinguished by their karyotypes. The basic karyotype 
for the genus M inona  is as shown by M. ileanae (see Litvaitis et al. (1996), and Curini- 
G alletti and M artens, 1990, for a general discussion on karyological evolution o f the 
M onocelididae). M . albicincta  has a derived karyotype, w ith different relative lengths, 
possibly the result of a translocation involving chrom osom es I and II. M. pseudoileanae  
has a derived chrom osom e num ber (n = 2), due to a Robertsonian m echanism  of fusion. 
In this case too, the marked difference between the syntopic species pair M. ileanae-M . 
pseudoileanae  m ight reflect hybrid avoidance (i.e., a postzygotic barrier). It is worth 
noting that species of the genus Pseudom onocelis M eixner, 1943 copulate indiscrim i­
nately in  the laboratory, at least am ong congeneric sibling species, and that various 
degrees o f postzygotic barriers exist am ong them (Curini-Galletti; in prep.).

T he presence o f pigm ent in only one species o f the group (M. albicincta) is possibly 
related to its ethology. Platyhelm inth species w hich actively em erge from  the sediment 
are m ore pigm ented than strictly m esopsam m ic species (Armonies, 1989). A  com pa­
rable pigm entation is found in species belonging to m onocelidid genera related to 
M inona {M onocelis Ehrenberg, 1831, and Pseudom onocelis  M eixner, 1943)(Schockaert 
and M artens, 1987; M artens and Curini-Galletti, 1989; Curini-Galletti and Cannon, 
1995). The capacity to store pigm ents in a distinct cephalic band m ight thus be an 
underlying synapom orphy for the M onocelidinae M idelburg, 1908, expressed only in
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species exposed to more photic conditions.
The finding of three sympatric M m ona species in a very lim ited stretch of coast in  the 

G ulf o f Elat bears some implications for the biodiversity o f the area. The genus M inona  
is cosm opolitan. Relatively few species are know n from boreal and temperate areas, 
usually occurring singly in any given area, w hereas higher diversity is attained in some 
tropical areas. However, this m ight not be a general trend. The m axim um  num ber of 
sym patric species (five) has been found around M agueyes (Puerto Rico, Caribbean) 
(Curini-Galletti, 1991). On the contrary, in  tropical A ustralia no m ore than two sym pat­
ric species have been found, and no obvious increase in diversity of this genus has been 
observed from  Tasm ania to the Great Barrier Reef (Curini-G alletti and Cannon, 1996). 
The Northern Red Sea appears thus to be an area o f rather high diversity for the group, as 
w ell as for other Proseriata genera (Curini-Galletti and M artens, 1991, 1992; M artens 
and Curini-Galletti, 1993).
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