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ABSTRACT. Megalobulimus K. Miller, 1878 is a genus of land snails that includes the largest living snails in the Neotropics.

The main goal of this paper was to review all species of Megalobulimus that have a red lip, and which are distributed in

Peru. We carried out a detailed description of their shells and soft parts, and conducted a multivariate analysis on their

shells and geographic distribution. There are two species reported from Peru, Megalobulimus capillaceus (Pfeiffer, 1855)

and Megalobulimus separabilis (Fulton, 1903). Megalobulimus capillaceus is known to occur in three regions — San Martin,

Huénuco and Cusco — but the Cusco population is undoubtedly different from all remaining populations, and is recog-

nized herein as a new species, Megalobulimus florezi sp. nov. This species has a more elongated shell, penis club-

shaped, epiphallus longer, and free oviduct longer than M. capillaceus. By contrast, the male genitalia of M. separabilis

is filiform and does not present an external diverticulum in the free oviduct.
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The Neotropics are among the most biodiverse regions in
the world (Rutt 2007) and the regions’ ecological and economic
relevance is indisputable (Tunpist & Marsumura-Tunpist 2008).
Many Neotropical species have been used as models to answer
questions about ecology, evolution and biogeography, but at
the same time most of these species remain poorly character-
ized. Peruvian people have used mollusks since pre-Hispanic
times, mainly for food (EnceL 1970, Ravines 1991). Today, the
tradition of eating snails is restricted to the people in the Ama-
zon region, who prefer species of Megalobulimus K. Miller, 1878
(Ramirez & CAceres 1991). This genus includes the largest land
snails in the Neotropics. A total of 81 species have been de-
scribed in it, 61 of which occur in Brazil (Ssmone 2006, 2012) and
nine in Peru (Ramirez et al. 2003). The species in Megalobulimus,
like other mollusks, have been described based on conchological
characters (BeQuatrt 1948, LeMe 1964, BieLer 1992), including
shape and size of the shell and color of the peristome.

Similarities in conchological characters have led to
misidentifications, however. For example, Megalobulimus
capillaceus (Pfeiffer, 1885) has been confounded with
Megalobulimus separabilis (Fulton, 1903), and even with juve-
nile specimens of Megalobulimus musculus (Bequaert, 1948),
because all of them have a red lip (Bequaert 1948). For these
reasons, and also the fact that the original descriptions are based
on shell characters, the species of Megalobulimus have not been
adequately differentiated. Leme (1973) established a diagnosis
for Megalobuliminae on the basis of anatomical characters such
as presence of a buccal fringe, kidney without any vestige of
primary ureter, roof of pulmonary chamber with longitudinal

septum, and intestine with pre-rectal valve. He considered
Megalobulimus to be a primitive group and commented that
most anatomical characters are constant and homogeneous,
making it difficult to differentiate among species.

In the present review we recognize three red-lipped spe-
cies of Megalobulimus from Peru: M. capillaceus, also known
from Brazil, Bolivia and Paraguay; M. separabilis only known
from Peru; and Megalobulimus florezi sp. nov., herein described
from Cusco (Peru).

MATERIAL AND METHODS

Specimens were collected in 2008, 2009, and 2012 from
different localities in the San Martin, Huanuco and Cusco re-
gions. The collecting method was qualitative visual searching
(CorroLiNo 2010) in forests and backyards. We also used shells
of M. capillaceus, M. separabilis, and M. musculus from the ma-
lacological collection of the Museo de Historia Natural of
Universidad Nacional Mayor de San Marcos, Lima (UNMSM).
Descriptions of the shell and other anatomic features were based
on the topotypes of each species. The terminology used for
shells was based on BurcH (1962). Anatomical dissections were
performed according to Leme (1973). The terminology for ana-
tomical descriptions was based on Lemk (1973), Bonratti (1980),
StMoNE & LEME (1998), Gomez (2001), and Dmvitriapts (2001). In
order to evaluate shell similarities at intra and inter popula-
tion levels, we analyzed shell measurements of 80 adult M.
capillaceus (58 from San Martin and 22 from Huanuco), 18 shells
of M. florezi sp. nov. (Cusco) and 40 of M. separabilis. Eight
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variables (Fig. 1) were considered: 1) shell height (SH); 2) shell
width (SW); 3) spire height (SpH); 4) position of major diam-
eter (PMD); 5) lateral width (LD); 6) aperture height (AH); 7)
aperture width (AW); and 8) number of whorls (NW). We only
considered adults those specimens that possessed a wide and
red peristome. The measurements were subjected to Principal
Component Analysis (PCA) in SPSSv20 software (NIt et al. 2011).
Distribution information was recovered from field trips, mala-
cological collections from the Museo de Historia Natural of
the UNMSM and information from electronic databases from
collections of the following museums: Field Museum of Natu-
ral History (FMNH) of Chicago; Florida Museum of Natural
History (FLMNH); Museum of Comparative Zoology of Harvard
University (MCZ) of Massachusetts; Academy of Natural Sci-
ences of Philadelphia (ANSP); Natural History Museum of Lon-
don (NHMUK); and from the global database of the Global
Biodiversity Information Facility (GBIF). In addition, we re-
ceived photographs of shells of types and other specimens of
Bulimus capillaceus (Pfeiffer, 1855), Strophocheilus separabilis
Fulton, 1903, from the Natural History Museum of the United
Kingdom and Borus capillaceus (Pfeiffer, 1855) from the Na-
tional Museum of Natural History.

Acronyms for Museums: Field Museum of Natural His-
tory, Chicago (FMNH); Museum of Natural History, Florida
(FLMNH); Museo de Historia Natural de la UNMSM, Lima
(MUSM); Museu de Zoologia da Universidade de Sao Paulo,
Sao Paulo (MZUSP); Natural History Museum of the United
Kingdom (NHMUK); Senckenberg Forschungsinstitut und
Naturmuseum, Frankfurt (SMF); Universidad Nacional San
Antonio de Abad del Cusco, Cusco (UNSAAC); Universidad
Nacional Mayor de San Marcos, Lima (UNMSM); National
Museum of Natural History (USNM).

Abbreviations: Albumin gland (ag), annex glandular sac
(an), anterior esophagus (as), collector channel (cc), crop (cr),
duct of anterior digestive gland (da), duct of the spermatolitic
bursa (db), deferens duct (dd), diverticulum of free oviduct (do)
duct of posterior digestive gland (dp), epiphallus fold (ef),
epiphallus granulations (eg), epiphallus (ep), esophagus (es),
esophagic typhlosole (et), first segment of intestine (fi), flagel-
lum (fl), free oviduct (fo), genital atrium (ga), glandular body
(gb), gland capsule (gc), gastric shield (gs), hermaphroditic duct
(hd), heart (ht), internal diverticulum (id), internal folded sur-
face of spermioviduct (if), irregular granulations (ig), internal
smooth surface of spermioviduct (is), intestinal typhlosole (it),
kidney (kd), longitudinal groove (lg), middle esophagus (me),
nephrostome (np), opening of the duct of the spermatolitic
bursa (od), oviduct folds (of), ovotestis (ot), penis (pe), penial
folds (pf), prostatic gland (pg), posterior esophagus (ps), pre-
rectal valve (pv), pulmonary septum (pu), ridges (rd), retractor
muscle (rm), rectum (rt), salivary glands (sg), small lifting (sl),
small transversal folds (tf), spermatolitic bursa (sb),
spermioviduct (sp), stomach (st), talon (ta), ureteric groove (ug),
vaginal folds (vf), vagina (vg), v-ridges (vr), vessels (vs).
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Figure 1. The following shell variables were evaluated: shell height
(SH), shell width (SW), spire height (SpH), position of major di-
ameter (PMD), lateral width (LD), aperture height (AH), and aper-
ture width (AW).

TAXONOMY

Megalobulimus capillaceus (Pfeiffer, 1855)
Figs 2-4, 11-20

Bulimus capillaceus Pfeiffer, 1855: 93.

Bulimus (Borus) capillaceus: Pfeiffer, 1856: 147.

Bulimus rosaceus: Morelet, 1863: 170.

Bulimus (Borus) oblongus var. capillaceus: v. Martens, 1876: 19.

Bulimus oblongus var. capillacea: E.A. Smith, 1894: 137.

Strophocheilus (Borus) capillaceus: Pilsbry, 1895: 69.

Strophocheilus (Megalobulimus) capillaceus: Bequaert, 1948: 120.

Megalobulimus capillaceus: Ramirez & Caceres, 1991: 67; Ramirez
et al. 2003: 52; Simone, 2006: 208.

Types. Lectotype and two paralectypes NHMUK 1855 —
20130002.

Type locality. “Banks of river Solimoes” (Preirrer, 1855) —
Upper Amazonas, probably in Northeastern Peru (BeQuatert 1948).

Diagnosis. Shell medium-sized, conic, with riblets; penis
cylindrical, internal penial folds anastomosed at proximal third.
Vagina longer than free oviduct; kidney similar to pulmonary
septum in length (6/7).

Description. Living animals: Color: orange-brown; head
and foot equal in color. Two lobulated buccal palps. Gonopore
posterior to right omatophore. Shell (Figs 2-4, Table I): conic,
small (up to 66 mm tall). Wider region above middle shell
height. First and second whorls flattened. Third and fourth
whorls with thinner riblets, from suture to suture. Small granu-
lations with spiral disposition between each riblet, appearing
from second whorl and reaching corporal whorl. Spire about
1/7 height of shell. Sutures deep. Periostracum between orange
and brown. Aperture elliptic, red peristome. Umbilicus cov-
ered by outer lip. Digestive system (Figs 13-15): Buccal mass
elliptic, highly muscular, with posterior region slightly later-
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Figures 2-10. Shells of red lip Megalobulimus in apertural, rear, apical and umbilical views. (2-4) M. capillaceus (MUSM5585); (5-7) M.
florezi sp. nov., holotype (MUSM 5005); (8-10) M. separabilis (MUSM5596). Scale bar: 20 mm.

Table I. Measurements of specimens of Megalobulimus capillaceus, M. florezi, and M. separabilis.

M. capillaceus (n = 80) M. florezi sp. nov. (n = 18) M. separabilis (n = 40)

Variables Minimum Maximum Std’\./(lii?/?aﬁon Minimum Maximum Std’\./(lii?/?afion Minimum Maximum Std’\./(li?a?/?aﬁon
Height 55.00 67.00 61.12+2.75 61.00 70.00 65.65 + 2.42 57.00 68.00 62.32 £ 2.61
Width 37.30 47.90 42.07 +1.89 40.00 44.50 4241 £1.19 32.20 39.20 36.06 £ 1.60
Aperture height 28.97 37.86 33.84+1.85 29.78 36.14 33.96 £ 1.71 26.88 32.82 30.34 £ 1.41
Aperture width 17.07 22.70 19.81 £1.09 17.87 20.81 19.04 + 0.83 16.32 19.92 18.12+0.85
Spire height 7.35 12.91 9.52+1.11 10.48 15.67 12.86 £ 1.27 12.04 17.86 14.77 £1.37
Position of major diameter 23.38 31.86 27.21 £ 1.66 28.87 35.00 31.64 +1.75 27.62 35.96 32.69 +1.83
Lateral width 34.88 41.71 38.19+1.45 35.64 39.60 37.29 £ 0.97 28.12 32.28 30.38 £ 1.03
Number of whorls 5.00 5.50 5.25+0.12 5.30 5.90 5.53+£0.15 5.00 5.40 5.23+£0.12

ally expanded, radular pouch ventral. Retractor muscle inserted
ventrally to buccal mass, anteriorly to radular pouch. Esopha-
gus emerging dorsodistally to buccal mass, with three segments
of equal size: anterior, middle and posterior. Anterior segment
with taller ridges. Salivary glands attached to anterior segment
of esophagus. Ducts of salivary glands open in buccal mass.
Middle segment (crop) expanded with thicker ridges, except
in middle zone, which is smooth. Posterior segment with many

thin ridges and expansion seeming slightly cropped. Posterior
segment receiving duct of anterior digestive gland. Esophagic
typhlosole arising from duct of anterior digestive gland, reach-
ing middle of stomach, increasing in thickness, with blunt end.
Thin ridge arising from same duct, running parallel to
esophagic typhlosole. Both end up in middle region (gastric
shield) of stomach. Stomach reniform, muscular. Posterior di-
gestive gland connected to stomach through duct terminating
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Figures 11-15. Soft parts of M. capillaceus: (11) internal view of the pedal gland; (12) pallial complex; (13) internal surface of intestine;
(14) internal surface of stomach; (15) internal surface of esophagus. Scale bars: 11 =5 mm, 12-15 =10 mm.

next to gastric shield. Stomach with central, thin and smooth
surface where esophagic and intestinal typhlosoles converge.
Thicker walls near esophagus and intestine. Internal surface
near intestine with wavy ridges. Intestine threefold esophagus
length, with three segments, first segment extending from
stomach to pre-rectal valve. Externally, pre-rectal valve like two
bulges with lobed edges. Intestinal typhlosole with folded sur-
face, blunt end, arising from duct of posterior digestive gland,
terminating close to pre-rectal valve. Lower ridges present, two
thicker; one running near typhlosole and ending near end of
typhlosole; other reaching pre-rectal valve. Middle segment of
intestine extends from pre-rectal valve, with oblique ridges that

ZOOLOGIA 30 (6): 675-691, December, 2013

converge in a longitudinal ridge taking V-disposition. Distal
region of intestine (rectum) is the longer one, has ridges with
V-disposition, opens in anus beside pneumostome in mantle
edge. Pallial complex (Fig. 12): Septum divides cavity into
two regions, excretory (right side) and pulmonary (left side);
covered by network of vessels (rete mirabile-like) that expands
to both sides of septum and partially covers kidney and peri-
cardium (heart). Major expansion of network in pulmonary
region, with two principal and longitudinal vessels. Vessel near-
est to septum with major caliber and more ramified than other
longitudinal vessels. Second nearest result of confluence of
smaller vessels that join at the same level of anterior third or



Re-characterization of the Red-lip Megalobulimus from Peru with description of a new species

679

middle of septum. Triangular kidney, similar length to septum
(6/7). Ureters absent. Nephrostome on anterior third of right
side of kidney. Posterior end of kidney does not reach poste-
rior end of ureteric groove, which is flanked by septum and
rectum. Heart covered by pericardium, sited anterior to kid-
ney, which is half its length. Reproductive system (Figs 16-
20): Ovotestis attached to posterior digestive gland; with three
to five conducts ending on hermaphroditic duct. Central por-
tion of hermaphroditic duct dilated, stowed. Distal portion
ending at talon. Talon attached to annex glandular sac, with
thick wall; two chambers internally, one connected to her-
maphroditic duct; chambers converging to common duct into
which albumin gland and annex glandular sac deposit their
secretions. Annex glandular sac piriform, attached to concave
region of albumin gland; inner surface rough with small con-
cavities. Albumin gland reniform, variable in size, creamy color.
Spermoviduct cylindrical, muscular, slightly curved. Prostatic
gland extending over dorsal surface of spermoviduct, pink in
color with transversal folds. Ventral surface of spermoviduct
slightly translucent. Internally, with two parallel regions; one
with surface with protrusions arranged like irregular plates,
other with small transversal folds. Both regions have creamy
color. Internally, prostatic gland with many small ducts that
end independently on collector channel that runs along the
gland and continues with deferens duct, which is hidden at
the beginning, then appears externally on free oviduct. Free
oviduct muscular with external bulb-like diverticulum located
in middle of its length and opposite to spermatolitic bursa duct.
Inner surface of oviduct with many wide folds, some of which
reach diverticulum. Vagina longer than free oviduct. Outer
surface of vagina similar to free oviduct. On inner surface, proxi-
mal region with thicker folds than those of free oviduct, but
thickness of these folds decreases as they arrive at genital
atrium. Spermatolitic bursa piriform, variable in size. Deferens
duct thin, ending suddenly on epiphallus, which lies on pe-
nis. Epiphallus with two short flagella of similar or different
lengths. Inner surface of epiphallus with small granulations;
with thick fold (pilaster) that originates at its proximal end
and then divides in two at end of first fifth of epiphallus length.
Two new folds have homogenous surfaces, their thickness de-
creases as they approach distal end. In some cases, these folds
converge in a single fold close to distal end. Another fold that
begins from the middle of epiphallus, terminates at penis. This
fold wider but low, almost at the same level of the epiphallus
inner surface. Penis muscular, cylindrical, threefold epiphallus
length. Retractor muscle with unique insertion at variable po-
sition on penis, apical or subapical. Its length is one third of
penis length. Internally, penial folds anastomosed to finish at
proximal third; these folds have network aspect, their thick-
ness decreases to a low relief. Genital atrium almost indistin-
guishable. Pedal gland (after Borpa et al. 2010; Fig. 11):
Triangular, borders undulated, depressed, length (23.45 mm)
spans visceral cavity in contracted specimen. Anterior third

Figure16. Genital system of M. capillaceus from San Martin re-
gion. Scale bar: 10 mm.

with width constant. Dorsal side of anterior third covered by
thin connective tissue, then free to posterior end; posterior
third thin, blunt, attached to foot by few connective bundles
arising from lateral borders. Gland capsule semi-transparent.
Lumen reduced, spanning entire gland length. Glandular body
prominent with cream color, smooth surface; it dangles from
capsule roof by projections retained to dorsal surface; medium
longitudinal groove spans its entire length. Groove depth shal-
lower in posterior region. Inside the glandular body, glandular
acinous separated from each other by capsule roof projections.
Capsule floor smooth with small lifting along middle line of
anterior portion coinciding with gland body groove.

Distribution (Fig. 21): Distributed in the San Martin and
Huanuco regions, Peru. In San Martin, it is present through-
out almost the entire region, whereas in Huanuco, it is distrib-
uted only in the northern part of the region, which is humid.
It is important to note that Smith (1894) reported this species
for Yurimaguas in the Loreto region. Yurimaguas is only a few
kilometers from the San Martin region; for this reason it is
likely that the distribution of M. capillaceus may reach Loreto.

Habitat. Megalobulimus capillaceus inhabits dry forest and
premontane humid forests, being also common in gardens and
backyards next to the forest. Individuals of this species are very
conspicuous during the rainy season, whereas in the dry sea-
son they remain buried.

Remarks. The thickness of the peristome differs between
the material examined and the types of M. capillaceus from the
NHMUK (NHMUK 1855 - 20130002) (Fig. 22). This feature is
variable and depends on the age of the individuals. Otherwise,
the proportions, shape, and sculpture of the shell are the same.

ZOOLOGIA 30 (6): 675-691, December, 2013
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Figures 17-20. Internal surface of M. capillaceus genitalia: (17) spermoviduct; (18) epiphalus; (19) free oviduct and vagina. (20) epiphalus

and penis. Scale bars: 17,19, 20 =5 mm, 18 =2 mm.

Megalobulimus capillaceus has often been confused with M.
oblongus (Miller, 1774) and M. musculus, both from Argentina,
and with M. separabilis. It is also similar to M. intertextus (Pilsbry,
1895), known from Brazil and Bolivia, and which can be found
in dry habitats, contrasting with the humid habitats of M.
capillaceus. Furthermore, M. capillaceus differs from M.
intertextus, M. oblongus, and M. musculus in the shape of the
shell. In the latter three species, the shell is more conical and
has slender spires when compared with the shell of M.
capillaceus. Bequaert (1948) reported this species from Peru,
Bolivia, Brazil and Paraguay. The proportions of the specimen
described from Paraguay and which is deposited at the FLMNH
(UF 166264) are similar to the proportions of the typical M.

ZOOLOGIA 30 (6): 675-691, December, 2013

capillaceus from Moyobamba, but the external shell features of
that specimen are more similar to M. musculus. We therefore
assign that specimen to M. musculus. The same holds true for
the material from the FMNH (#25925) and FLMNH (UF 022143)
from Brazil. The material from the FLMNH (UF 022143) has
been described from “Marigua” (sic FLMNH; Maringa), a local-
ity in the state of Parand, Brazil, which is next to Paraguay.
The material previously attributed to M. capillaceus reported
from Bolivia and deposited at the FLMNH and FMNH, is actu-
ally similar to M. intertextus and M. florezi sp. nov., and is herein
assigned to M. intertextus. The morphological differences be-
tween M. capillaceus and M. separabilis are provided below, under
M. separabilis. From the above, we conclude that M. capillaceus
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A Megalobulimus capillaceus
B Megalobulimus florezi
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Figure 21. Distribution Map of red lip Megalobulimus from Peru.

is endemic to Peru and it is restricted to the San Martin and
Hudnuco regions, reaching the border of the Loreto region.
The shape of the penis (cylindrical), the vagina longer than
the free oviduct, and the spire measuring 1/7 of the height of
the shell are the main differences between M. capillaceus and
the other red-lipped Megalobulimus from Peru. In genitalic fea-
tures, M. capillaceus is more similar to M. oblongus, M. riopretensis
Simone & Leme, 1998, M. mogianensis Simone & Leme, 1998,
M. parafragilior Leme & Indrusiak, 1990 and M. abbreviatus
(Bequaert, 1948), but differs from them in the shape of the
diverticulum of the free oviduct (bulb-like) and in the pres-
ence of two flagella (except for M. abbreviatus).

Material examined. Peru, San Martin: San Martin (Juan
Guerra, 6°35’3.7"S, 76°19'20.7"W, 237 m), 5 spec., 28.i.2008, R.
Ramirez & C. Calder6n leg. (MUSM-5585); (Morales, 6°28'24.6"S
76°23'31.1"W, 263 m), 5 spec., 29.1.2008, R. Ramirez & C. Calder6n
leg. (MUSM-5586); (Partido alto, 6°28'18"S 76°22'14.6"W, 369 m),
9 spec., 6.ii.2008, C. Calderdn leg. (MUSM-5587). Picota (Caspizapa,
6°57'15"S 76°25'7.8"W, 240 m), 3 spec., 05.ii.2008, R. Ramirez &
C. Calder6n leg. (MUSM-5588). Moyobamba (Moyobamba,
6°02'11.2"S 76°58’26.2"W, 887 m), 8 spec., 31.i.2008, R. Ramirez
& C. Calder6n leg. (MUSM-5589). Lamas (Lamas, 6°25'38.16"S
76°31'09.02"W, 743 m), 5 spec., 07.ii.2008, C. Calderon leg.

(MUSM-5590). Huallaga (Saposoa, 6°56'21.8"S 76°46’18.8"W, 318
m), 5 spec., 06.ii.2008, R. Ramirez & C. Calderén leg. (MUSM-
5591); (Piscoyacu) 13 spec., 09.ii.2008, R. Ramirez & C. Calder6n
leg. (MUSM-5592). Hudnuco: Leoncio Prado (Tingo Maria,
9°16'39.6"S 76°00'41.9"W, 747 m), 9 spec., 6.vii.2009, V. Borda
and C. Congrains leg. (MUSM-5593); (Picuroyacu, 9°17°01.9"S
76°01'0.2"W, 657 m), 1 spec., 6.vii.2009, V. Borda & C. Congrains
leg. (MUSM-5594); and (Aucayacu, 8°55’31.5"S 76°06'44"W, 571
m), 4 spec., 7.vii.2009, V. Borda & C. Congrains leg. (MUSM-5595).

Megalobulimus florezi sp. nov.
Figs 5-7, 25-33

Borus capillaceus: Dall, 1912: 2 (non Pfeiffer, 1855)

Strophocheilus (Megalobulimus) capillaceus: Bequaert, 1948: 120
(non Pfeiffer, 1855)

Strophocheilus (Megalobulimus) capitallaceus: (sic Florez) Florez,
1970: 29 (non Pfeiffer, 1855)

Diagnosis. Shell medium-sized, conic, with riblets; club-
shaped penis, internal penial folds divided at the proximal
third. Free oviduct longer than vagina. Kidney with triangular
shape and is 2/3rds of pulmonary septum length.

Description. Living animals: Head and foot with brown
color. With pair of bucal palps with lobulated border. Gonop-
ore posterior to right omatophore.

Shell (Figs 5-7, Table I): Conic and small (up to 70 mm
tall): Wider region in middle shell height. First and second whorls
flattened. Third and fourth with thinner riblets, from suture to
suture. Between riblets, small granulations with spiral disposi-
tion, appearing from the 2.6 whorls and reaching corporal whorl.
Spire about 1/5 shell height. Sutures deep. Periostracum between
orange and brown. Umbilicus totally covered by outer lip. Di-
gestive system (Figs 27 and 28): Buccal mass elliptic, highly
muscular with posterior region slightly laterally expanded, radu-
lar pouch ventral. Retractor muscle inserted ventrally to buccal
mass, anteriorly to radular pouch. Esophagus with three seg-
ments of same size: anterior, middle and posterior. Anterior seg-
ment with taller ridges and attached salivary glands. Ducts of
salivary glands inserting dorso-posterior to buccal mass. Middle
segment (crop) expanded, with thicker ridges, except in middle
zone, smooth. Posterior segment with many thinner ridges and
expansion seeming slightly cropped. Posterior segment receiv-
ing duct of anterior digestive gland. Esophagic typhlosole aris-
ing from duct of anterior digestive gland, reaching middle of
stomach, increasing in thickness, with blunt end. Thin ridge
arising from same duct, running beside esophagic typhlosole.
Both end up in gastric shield. Stomach reniform, muscular. Pos-
terior digestive gland connected to stomach through duct that
ends next to gastric shield. Near intestine, internal surface with
wavy ridges. These ridges are thinner than those in M. capillaceus.
Stomach with central surface smooth in which both esophagic
and intestinal typhlosole converge. Thicker walls near esopha-
gus and intestine. Intestine with three segments. First segment
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Figures 22-24. (22) Lectotype of M. capillaceus from NHMUK 1855 — 20130002, copyright NHMUK; (23) shells described by DatL
(1912) like Borus capillaceus from USNM (250241), copyright USNM; (24) Syntype of Strophocheilus separabilis NHMUK 1903.11.20.39,

copyright NHMUK. Scale bar: 20 mm.

extending between stomach and pre-rectal valve. Externally, pre-
rectal valve appears as two bulges with lobed edges. Intestinal
typhlosole with folded surface, blunt end, arising from duct of
posterior digestive gland, ending close to pre-rectal valve. Many
ridges parallel to intestinal typhlosole, two thicker and near
typhlosole, one ending close to terminus of typhlosole, other
running to pre-rectal valve. Middle segment extending from pre-
rectal valve, with oblique ridges that converge in a longitudinal
ridge in V-disposition. Distal region (rectum) is the longest; with
ridges in V-disposition, opening in the anus beside pneumostome
in mantle collar. Pallial complex (Fig. 26): Septum continuous
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with anterior end of kidney, covered by network of vessels (rete
mirabile-like) that expands to both sides of septum, partially
covers kidney and pericardium (heart). Pulmonary network with
two principal and longitudinal vessels. Vessel nearest to septum
with major caliber, more ramified than other longitudinal ves-
sels, 1/4th septum length. Second nearest originates at anterior
end of cavity, ends on anterior end of kidney. Triangular kid-
ney, 2/3rds septum length. Nephrostome on anterior third of
right side of kidney. Posterior end of kidney does not reach the
posterior end of ureteric groove, which is flanked by septum
and rect. Heart covered by pericardium, sited anterior to kid-



Re-characterization of the Red-lip Megalobulimus from Peru with description of a new species

683

Figures 25-28. Soft parts of M. florezi sp. nov.: (25) internal view of the pedal gland; (26) pallial complex; (27) internal surface of
intestine and stomach; (28) internal surface of esophagus. Scale bars: 5 mm.

ney, half kidney length. Reproductive system (Figs 29-33):
Gonad attached to posterior digestive gland, with three to five
ducts that lead to hermaphroditic duct. Central portion of her-
maphroditic duct dilated, stowed. Talon attached to annex glan-
dular sac, receiving distal end of duct. Internally, with two
chambers, of which one connects with hermaphroditic duct.
Both chambers converge on a common duct through which al-
bumin gland and annex glandular sac deposit their secretions.
Annex glandular sac piriform, attached to concave region of
albumin gland, inner surface rough with small concavities. Al-

bumin gland reniform, variable in size, creamy color.
Spermoviduct cylindrical, muscular, slightly curved. Prostatic
gland extending over dorsal surface of spermoviduct, pink, with
transversal folds. Ventral surface of spermoviduct slightly trans-
lucent. Internally, with two parallel regions; one with protru-
sions arranged like irregular plates that change their appearance
to folds at the distal third; the other with small transversal folds.
Both regions creamy in color. Internally, prostatic gland with
many small ducts ending independently in collector channel
that runs along gland, continues with deferens duct hidden at
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Figure 29. Genital system of M. florezi sp. nov. from Cusco region.
Scale bar: 10 mm.

beginning. Free oviduct with external bulb-like diverticulum
located at mid-length, opposite to spermatolitic bursa duct. In-
ner surface of oviduct with many wide folds, some of which
continue in diverticulum. Free oviduct longer than vagina. Va-
gina outer surface similar to that of free oviduct. Proximal re-
gion of its inner surface with thicker folds than those of free
oviduct, reducing their thickness as they extent toward genital
atrium. Spermatolitic bursa piriform, variable in size. Deferent
duct ending suddenly in epiphallus, which lies over penis.
Epiphallus with two short flagella, the same length or not.
Epiphallus inner surface with small granulations; with thick fold
(pilaster) on proximal region and then divided in two at the
end of first fifth of epiphallus length. The two new folds with
homogenous surfaces decrease in thickness as they approach
distal end. These folds may converge to a single fold close to
distal end or reach distal end independently. Another fold from
middle of epiphallus to its end, wider but low, almost at the
same level of epiphallus surface. Penis muscular, club-shaped,
two times length of epiphallus. Retractor muscle half length of
penis, with unique insertion to penis at variable position, which
may be apical or subapical. Internally, penis distinguished by
abrupt increase in fold number and rough surface. Some penial
folds anastomosed to finish at proximal third; these folds have
network aspect; also, on the distal half, penial folds increasing
in thickness but then decreasing to low relief. Genital atrium
almost indistinguishable. Pedal gland (Fig. 25): Depressed, tri-
angular form, undulated borders, length (23.45 mm) spans vis-
ceral cavity in contracted specimen. Anterior third constant in
width, covered by thin connective tissue, and then free. Poste-
rior third thin, blunt, attached to foot by few connective bundles
from lateral borders of gland. Gland capsule semi-transparent.
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Lumen reduced, spans entire gland length. Glandular body with
cream color, smooth surface, prominent, obliterating the lumen;
it dangles on the capsule roof by projections attached to latero-
dorsal surface. Medium longitudinal groove spanning the en-
tire length. Groove depth shallower in posterior region. Inside
glandular body, glandular acinous separated from each other by
capsule roof projections. Capsule floor smooth, presenting a
small lifting along middle line of anterior portion, coinciding
with gland body groove.

Measurements of holotype: height 66.62 mm, width
41.42 mm, aperture height 35.18 mm, aperture width 19.32
mm, spire height 15.52 mm, position of major diameter 35.72
mm, lateral width 35.00 mm, 5.7 whorls.

Material examined. Holotype, Peru, Cusco: La Convencion
province, (Quillabamba, 12°52’42.2"S 72°41'41.4"W, 1094 m),
27-111-2009, V. Borda leg. (MUSM 5005). Paratypes — Peru: Cusco:
La Convencién (Santa Maria, 13°00’16.2"S 72°37’57.1"W,
1215 m), 1 spec., 20.iii.2012, V. Borda leg. (MUSM-5600/1);
(Quillabamba, 12°52'42.2"S 72°41'41.4"W, 1094 m) 3 spec.,
27.iii.2009, V. Borda leg. (MUSM-5003/2) and FMNH 328305 (ex
MUSM 5003/1); (Quillabamba, 12°52'26.3"S 72°42'07.3"W,
1138 m) 7 spec., 27.iii.2009, V. Borda leg. MUSM-5004/6 and
SMF 336389 (ex MUSM 5004/1); (Quillabamba, 12°52'42.2"S
72°41'41.4"W, 1094 m), 3 spec., 27.iii.2009, V. Borda leg. MUSM-
5005/2 and MZUSP 99562 (ex MUSM 5005/1); (Quillabamba,
12°53'09.8"S 72°41°27.5"W, 1179 m), 1 spec., 29.iii.2009, V. Borda
leg. MUSM-5006/1; (Quillabamba, 12°53'16.4"S 72°41’30.4"W,
1203 m), 2 spec., 29.iii.2009, V. Borda leg. MUSM-5007/2;
(Echarate, 12°46'11.4"S 72°32’21.7"W, 1073 m), 2 spec.,
28.iii.2009, V. Borda, leg. MUSM-5008/2; (Palma Real, 12°47’S
72°40'W), 1 spec., 09.xi.1974, A. Flores leg. MUSM-3054/1 and
(Quellouno, 13°21’ S 71°59’W), 1 spec., 29.iv.1974, A. Flores leg.
MUSM-2992/1. Calca (Pailabamba, 13°05’S 72°13'W), 1 spec.,
19.ii.1970, A. Flores, leg. MUSM-3019/1. Urubamba (Machu
Picchu, 13°07’S 72°34'W), 1 spec., 1.x.1966, A. Flores leg. MUSM-
2920/1.

Distribution (Fig. 21). Restricted to northern Cusco, Peru.
Was reported only in the humid rain forest of La Convencién
and Calca province. In La Convencién it is found from
Huayopata to Quellouno, near the Vilcanota River, which is
part of the Urubamba basin. In Calca, it is found only in Lares
Valley, near La Convencion.

Habitat. Humid tropical forest but also in gardens and
backyards.

Etymology. This species is dedicated to Dr. Angel Flérez
(UNSAAC, Cusco, Peru) for his contribution to Peruvian mala-
cology.

Remarks. Since the first report by DarL (1912) for Quilla-
bamba, red-lipped specimens from Cusco were also considered
to be M. capillaceus. Dall considered this species to be like Borus
capillaceus, and his eight shells were deposited in the Malaco-
logical collections of the USNM (250241) (Fig. 23). These shells
have the same aspect of M. florezi sp. nov. However, there are
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Figures 30-33. Internal surface of M. florezi sp. nov. genitalia: (30) Spermoviduct; (31) epiphalus; (32) free oviduct and vagina; (33)

epiphalus and penis. Scale bars: 30-33 =5 mm, 31 =2 mm.

several other characters that clearly discriminate this new spe-
cies from M. capillaceus. The shell spire, shape of penis (club-
shaped), disposition of penial folds (folds are divided at the
proximal third), vagina larger than free oviduct and size of kid-
ney (2/3 rds pulmonary septum length) are the main features
that differentiate this species from M. capillaceus. The specimens
identified as M. capillaceus from Bolivia and deposited in FMNH
(216380) and FLMNH (166263) have closer similarity to M.
intertextus than to M. florezi sp. nov.; it is likely that these speci-
mens of M. capillaceus were actually M. intertextus. The shell of
M. florezi sp. nov. differs from that of M. intertextus by having an
elliptical shell aperture and greater number of whorls, 5.53
(mean) in M. florezi sp. nov. (this study) and 5.2 in M. intertextus
(BEQUAERT 1948).

Megalobulimus separabilis (Fulton, 1903)
Figs 8-10, 34-43

Strophocheilus (Borus) separabilis Fulton, 1903: 100.

Strophocheilus jenksianus Pilsbry, 1940: 58.

Strophocheilus (Megalobulimus) separabilis: Bequaert, 1948: 123.

Megalobulimus separabilis: Ramirez y Caceres, 1991: 67-74; Ramirez
etal. 2003: 52.

Type. Syntype (1 dry specimen) NHMUK 1903.11.20.39.

Type locality. “Doubtfully from Peru” (Fulton, 1903). Type
locality of Strophocheilus jenksianus: Huanuco, Upper Huallaga
Valley, Peru.

Diagnosis. Body mass with yellowish-orange coloration,
shell small-sized, conic with gray and brown coloration; fili-
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Figures 34-38. Soft parts of M.separabilis: (34) Internal view of the pedal gland; (35) pallial complex; (36) internal surface of intestine;
(37) internal surface of stomach; (38) internal surface of esophagus. Scale bars: 34, 36-38 = 5 mm, 35 =10 mm.

form male genitalia, bottle-shaped penis, epiphallus externally
inconspicuous and free oviduct with internal diverticulum.
Description. Living animals: Foot with yellowish-orange
coloration and head with orange coloration. Two buccal palps
with lobulated borders. Gonopore posterior to the right
omatophore. Shell (Figs 8-10, Table I): Conic, small (up to 70
mm). Wider region below middle shell height. First and second
whorls flattened. Third and fourth whorls with thinner riblets,
from suture to suture. Between riblets, small granulations with
spiral disposition, appearing from 2.8 whorls, reaching the cor-
poral whorl. Spire about 1/5th shell height. Sutures deep.
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Periostracum between gray and brown. Umbilicus totally cov-
ered by outer lip. Digestive system (Figs 36-38): Buccal mass
elliptic, muscular, slightly laterally expanded on its posterior
region. Radular pouch ventrally. Retractor muscle of buccal mass
inserted anterior to radular pouch. Esophagus with three seg-
ments of similar size; anterior segment with taller ridges. Sali-
vary glands attached to this segment. Ducts of salivary glands
open in buccal mass. Middle segment (crop) expanded, with
thicker ridges except in middle zone. Posterior segment with
lateral bulge and many thinner ridges. This segment receives
the duct of anterior digestive gland. Esophagic typhlosole and
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aridge arising from this duct, reaching middle of stomach (gas-
tric shield); at the same time, typhlosole increases its thickness
and has blunt end. Stomach reniform, muscular. Posterior di-
gestive gland connected to stomach through a duct that ends
next to gastric shield. Internal surface near intestine with wavy
ridges. Center of stomach with smooth surface where both the
esophagic and intestinal typhlosole converge. Thicker stom-
ach walls near esophagus and intestine. Intestine with three
segments, three times esophagus length. First segment extends
between stomach and pre-rectal valve. Externally, pre-rectal
valve appears as two bulges with lobed edge. Internal surface of
this segment with intestinal typhlosole with folded surface, with
blunt end, arising from the duct of posterior digestive gland
and ending close to pre-rectal valve. This typhlosole is thicker
than in M. capillaceus and M. florezi sp. nov. Many ridges paral-
lel intestinal typhlosole, two of which are thicker; one with the
same size of typhlosole; other running to pre-rectal valve. Middle
segment extends from pre-rectal valve, with oblique ridges that
converge in a longitudinal ridge in V-disposition. Rectum long-
est, has ridges with V-disposition, opens in anus beside
pneumostome in the mantle collar. Pallial complex (Fig. 35):
Septum continuous to anterior end of kidney, covered by net-
work of vessels (rete mirabile-like) that expands to both sides
of septum and covers kidney and pericardium (heart). Major
expansion of this network in pulmonary region. Pulmonary
network with two principal and longitudinal vessels. Vessel
nearest to septum with major caliber, more ramified than other,
1/4th septum length. Second nearest originates at second third
of septum and extends to kidney. Triangular kidney, 2/3rd sep-
tum length. Nephrostome sited on anterior third of right side
of kidney. Posterior end of kidney does not reach posterior end
of ureteric groove which is flanked by septum and rectum. Heart
covered by pericardium, sited anterior to kidney. Reproduc-
tive system (Figs 39-43): Gonad attached to posterior digestive
gland, with three to five ducts that end on hermaphroditic duct.
Central portion of hermaphroditic duct dilated, stowed. Talon
spherical attached to annex glandular sac, receives distal end
of duct. Comprised of two chambers, one of them with con-
nection with hermaphroditic duct. Both chambers converge on
a common duct through which albumin gland and annex glan-
dular sac deposit their secretions. Annex glandular sac piriform,
attached to albumin gland, inner surface rough with small con-
cavities. Albumin gland reniform with variable size, creamy
color. Spermoviduct cylindrical, slightly curved. Prostatic gland
with transversal folds, pink coloration. Ventral surface of
spermoviduct slightly translucent. Internally, with two parallel
regions of creamy color, one with surface folded, other having
smooth surface. Internally, prostatic gland with many small
ducts which end independently on collector channel that con-
tinues with the deferens duct, which is hidden at its origin.
Muscular free oviduct without external diverticulum. Oviduct
inner surface with wide folds (10 to 14). Thicker folds in proxi-
mal half that reduce lumen; at this level, with internal diver-

Figure 39. Genital system of M. separabilis from Huanuco region.
Scale bar: 10 mm.

ticulum, and folds continue inside it. Free oviduct longer than
vagina. Outer surface of vagina similar to free oviduct. Proxi-
mal region of inner surface presents thinner folds than those
of free oviduct, but these folds reduce their thickness as they
arrive at genital atrium. Spermatolitic bursa piriform, variable
in size. Externally, no clear demarcation between deferens duct
and epiphallus; instead, there is slight expansion at end of def-
erens duct that continues to penis, folded over the latter. Inter-
nally, deferens duct with thin folds of oblique disposition;
likewise, there are longitudinal folds that extend to the first
half of the distal expansion (epiphallus). Epiphallus differenti-
ated by presence of two longitudinal folds that increase their
thickness at their middle and and run parallel up to the epi-
phallus-penis limit; surface with small granulations. Epiphallus
almost 1/6th penis length. Epiphallus diameter constant, with-
out flagellum. Penis bottle-shaped. Retractor muscle 1/3rd pe-
nis length, attached to penis only by a bundle of variable
position, apical or subapical. Penis inner surface distinguished
by abrupt increase of folds and rough surface. Penial folds di-
vided, finishing at proximal third; these folds have network
aspect, also their thickness decreases to a low relief. Genital
atrium almost indistinguishable. Pedal gland (Fig. 34): Trian-
gular form, undulated borders, depressed, length (23.6 mm)
spans visceral cavity in the contracted specimen. Anterior third
with constant width, covered by thin connective tissue, then
free to its posterior end. Its posterior third thin, blunt, retained
to foot by few connective bundles from its lateral borders. Gland
capsule not transparent. Lumen reduced, its width almost half
that of gland, spans entire length of gland. Glandular body with
cream color, smooth surface, obliterates lumen, dangles on cap-
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Figures 40-43. Internal surface of M. separabilis genitalia: (40) spermoviduct; (41) epiphalus; (42) free oviduct and vagina; (43) epiphalus

and penis. Scale bars: 40, 42-43 = 5 mm, 41 =2 mm.

sule roof by projections attached to latero-dorsal surface. On
anterior third, glandular body with medium longitudinal groove
that is shallower posteriorly Inside glandular body, acinous sepa-
rated from each other by capsule roof projections. Capsule floor
smooth, with small lifting along the middle line of anterior
portion, coinciding with gland body groove.

Distribution (Fig. 21). This species is found only in the
Ambo province in the upper Huallaga basin, in two localities,
Ambo and Tomayquichua.
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Habitat. Highlands of Ambo, which correspond to a dry
steppe.

Material examined. Peru, Hudnuco: Ambo (Ambo,
10°07'38.4"S, 76°12’30.6"W, 2054 m), 1 spec. and 40 dry shells,
10.x.2009, V. Borda leg. (MUSM-5596); (Ambo, 10°07'43"S,
76°12’48"W, 2053 m) 1 spec. and 10 dry shells, 11.x.2009, V.
Borda leg. (MUSM-5597) and (Tomayquichua, 10°06'20"S,
76°12'36"W, 2077 m), 1 spec., 12.x.2009, V. Borda leg. (MUSM
5598). 2 spec., x.1988, J. Ledn leg. (MUSM-5599).
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Remarks. PiLssry (1940) did not compare his Strophocheilus
jenksianus with Strophocheilus (Borus) separabilis; BEQUAERT (1948)
did not find differences between them, and we agree with him.
The specimens examined by us have the same characteristics of
the syntype of M. separabilis NHMUK 1903.11.20.39) (Fig. 24).
Megalobulimus separabilis is clearly different from the other red-
lipped Megalobulimus from Peru studied herein. Differences are
in the shell (slender and gray coloration), epiphallus (not exter-
nally conspicuous) and free oviduct with an internal diverticu-
lum. Megalobulimus separabilis is also considered endemic. The
shell of M. separabilis is very different from those of other
Megalobulimus, but some features of the genital system of this
species are shared with other species of the genus. The shape of
the penis of M. separabilis is similar to that of M. parafragilior,
but M. parafragilior has a prominent epiphallus and an external
diverticulum on the free oviduct (LM & INDRUsIAK 1990). The
internal diverticulum is a character that has not been described
before for any species of Megalobulimus. Likewise, the pedal gland
of M. separabilis is different from the other red-lipped
Megalobulimus described herein because the glandular body
dangles on capsule on its lateral-dorsal surface; for this reason,
the width of the lumen is reduced.

Multivariate analysis

The shells of the three red-lipped Megalobulimus species
from Peru were differentiated by PCA using seven variables.
The first component accounted for 60.67% of the variance and
the variables that best explain this variation are lateral width
(0.964) and shell width (0.918). The second component ac-
counted for 29.53% of the variance with shell height (0.977)
and position of major diameter (0.737) best explaining this
variation (Table II). The scatter plot of the two first principal
components shows that M. separabilis occupies a different
morphospace than the other species. This morphospace is wider
than that of M. separabilis. Megalobulimus florezi sp. nov. has a
morphospace very close to M. capillaceus but is better discrimi-
nated by its slender shell with a larger spire (Fig. 44). The popu-
lations of M. capillaceus from the two regions of Peru (Huanuco
and San Martin) overlap. Individuals from Hudnuco are inside
the morphospace of the San Martin population and have great
similarity with the largest individuals from San Martin.

Table Il. Component Matrix for the variables evaluated in the ACP
for the red lip Megalobulimus.

Component
Variable
1 2
Shell height 0.050 0.979
shell width 0.918 0.248
Position of major diameter -0.646 0.737
Spire height -0.825 0.505
Aperture height 0.854 0.367
Aperture width 0.804 0.335
Lateral width 0.964 0.034
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Figure 44. Discrimination of Peruvian red lip Megalobulimus from
the principal component analysis (PCA) of 7 quantitative shell
characters. The percentage of variation accounting for each prin-
cipal component (PC) is given in parentheses. Two populations of
M. capillaceus are distinguished by letters. M. capillaceus_H from
Huénuco and M. capillaceus_SM from San Martin.

DISCUSSION

The main characters that provide information for differ-
entiation among species are shell characters, the internal sur-
face of the epiphallus, the internal folds of the penis, the free
oviduct and the distribution of veins in the pulmonary cavity.
Several authors have questioned the validity of shell informa-
tion owing to the plasticity of conchological characters (Kemp
& BerTNESs 1984, Koot 1993, EMBERTON 1995). However, the PCA
analysis allowed us to discriminate among the three species
studied herein, based on shell characteristics.

Borpa et al. (2010) described the pedal gland of several
species of Megalobulimus, which can be clustered in two groups
based on its capsule. Species of the first group, such as M.
capillaceus, have a transparent capsule. We found that M. florezi
sp. nov. belongs to this group because it displays a transparent
capsule. This character is also shared with M. lorentzianus (Hyrton-
Scotrr 1939). In the second group, the pedal gland has a thicker
capsule. One example of a species in this group is M. lichtensteini;
M. separabilis has this characteristic too. The diverticulum of
the free oviduct described herein for both M. capillaceus and M.
florezi sp. nov. was also described for other species of
Megalobulimus, although by three different names; Baker (1926)
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referred to it as the “short diverticulum” in M. oblongus, Hyiton-
ScotT (1939), as the “bursa hastae” in M. lorentzianus, and SIMONE
& Leme (1998) as the “free oviduct appendix” in M. riopretensis
and M. mogianensis. Although this structure was described on
each of these species, its function remains unknown (Baker 1926,
Hyrron-Scotr 1939, Leme 1973, THoME et al. 1994). The presence
of an internal diverticulum in the free oviduct of M. separabilis
is considered a new character state, but it is not clear whether
this state is ancestral or derived. The shape of the two folds of
the epiphallus of both M. capillaceus and M. florezi sp. nov. is
very similar to the state found in other species of Megalobulimus,
as in M. oblongus, another red-lipped species; by contrast M.
separabilis has very different folds, both in shape and disposi-
tion. In a molecular phylogeny of Megalobulimus from Peru
(Ramirez et al. 2012), M. capillaceus formed a monophyletic group
with M. oblongus, but not with M. separabilis, showing that shell
lip color is a homoplastic character.
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