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One Case of Triphallia in the Marine Snail
Echinolittorina peruviana (Caenogastropoda: Littorinidae)
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SUMMARY: Gonochoric representatives of Littorinidae have a reproductive system organized with transit organs that connects
the testicle with a penis specialized for internal fertilization. However, malformations at this level can produce, like triphallia (presence
of triple penis). This description corresponds to one case of triphallia found in Echinolittorina peruviana (Lamarck, 1822) inhabitant of
the South Pacific coasts. The macro and microscopic analysis reveals that every penis is an independent appendix whose individual
morphology is similar to that in normal individuals, characterized by a non pigmented conic penis associated with a mammilliform gland
located at the base of the right ocular tentacle. The cervical sperm groove lined by a simple ciliated and secretory columnar epithelium,
runs along the neck of the animal, is subdivided into the base of each penis forming the penile seminal groove in each of them, and
ascends dorsally from the base to the tip. The other organs that make up the reproductive system have a normal organization (no
duplication or triplets), and the testicle organized in acini contains all the cell types of the male germ line. Although the cause of this
condition is still unknown, might be associated with genetic causes and not of environmental kind.
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INTRODUCTION

In animals, the evolution of internal fertilization has It is coated by a simple columnar pseudostratified
been a reproductive strategy that involves the organizationegbithelium with ciliated and secretory cells; and a central
a reproductive system adapted for this type of fertilizatiomody of circular, longitudinal and radial to oblique muscle
However, during the embryonic development may occdibers associated with connective tissue, leaving
congenital malformations; among these, a duplication of theaemolymphatic lacunae between them. As specialization
penis called diphallia, and although it is not frequent, is mainbyf the epidermis, dorsally runs a sperm groove coated by
observed in mammals including humans (Sharad, 2000). a simple ciliated and secretory columnar epithelium.
Real and full diphalia type consists in the formation of twdowards anterior and adjacent to the base of the penis,
independent penises; and incomplete diphallia consists ipgesents a penile gland consisting of a mammilliform and
bifurcated penis (Loynachatal.,2006). However, the exact a discoid region with a follicular organization (Castillo &
cause of such pathology is still unknown. Brown).

In molluscs the only reported case of diphallia In this paper we describe a caseEithinolittorina
corresponds to isolated females affected by imposeeruvianawhere a male presents a triple penis, phenomenon
(Meirelleset al., 2007; Cardoset al,, 2008). that we have termed "triphallia".

Echinolittorina peruvianagonochoric representative
of Littorinidae, presents a male reproductive system witlATERIAL AND METHOD
transit organs connecting the testicle with a penis to transfer
spermatozoa during copulation (Castillo & Brown, 2008).
The penis is conical and not pigmented, of wide base and  Echinolittorina peruvianapecimens were collected
sharp apex, is located at the base of the right ocular tentaglem the intertidal rocky zone at Carvallo beach (33° 1'S,
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71° 38’ W) near Valparaiso, Chile. Atotal of 74 mature aduftasal discoidal portion, mostly stained with aniline blue (Fig.
individuals were collected randomly. The size of the animalB). The histological organization of every penis is similar
ranged from 7.45-14.20 mm in length and 5.60-12.70 m(kigs. 2C-E): a characteristic organization with muscular
wide (peristomal diameter). Sexual dimorphism wagBbers shang with connective tissue, leaving spaces that
determined using two criteria: (1) absence or presenceadrresponds to haemolymphatic lacunae; and a
penis and (2) gonad coloration, corresponding pink fgrseudostratified columnar epithelium as external lining. On
females and orange for the males; (compare Fig. 1A aitsl dorsal side runs a penile seminal groove which is lined
1B). Collected specimens were measured, sexed, weigheith a simple ciliated and secretory columnar epithelium
and processed for macroscopic and histological analysis(Figs. 2C-E). The nuclei of epithelial cells of oval shape are
the laboratory. mostly displaced towards the apical cytoplasm (Figs. 2C-E).

Macroscopic and histological analysisThe animals were Histological analysis of other organs of the
dissected and anesthetized during 30 minutes at 4°C, inegroductive system of this animal are not triplicate and
1:1 solution of sea water and 7.5% aqueous CI2Mg (Pantfayeals that the prostate gland, seminal vesicle and gonad
1967), once narcotised they were photographed, apdssess a normal organization (Figs. 2F-G). The seminal
subsequently fixed 24 hours in strong aqueous Bouinvgsicle presents a large number of euspermatozoa and
solution. After fixation, they were rinsed in 70% ethanolparaspermatozoa (Fig. 2F) in its lumen. The gonad organized
dehydrated in a series of ascending concentrations of ethamohcini presents all the representative of early and advanced
cleared in butanol, embedded and included in Paraplast Pgggmline cells (Fig. 2G).

(Gabe, 1968). Serial histological sections pfibthick, were

mounted every 7fm on slides. The preparations were

deparaffinized in xylenes, hydrated in a series of descendiD§SCUSSION

concentrations of ethanol until distilled water and stained

with a trichrome method for topographic staining

(Valderrameet al, 2004). After dehydration in 95% ethanol During embryonic development of gonochoric
and clearing in xylenes, the slides were coverslipped usiagecies, like mammals and some mollusks suck.as
Entellan (Merck Chemicals, Germany) as mounting mediperuviana somatic cells interact with germ cells and occurs
Histological preparations were analysed and the images wereeries of stimuli that triggers a cascade of genes and
taken using a Leitz-Leica model DMRBE light microscop@roteins, leading to the formation of organs and systems
(Wetzlar, Germany) equipped with a Leica DFC290 digitaklated to reproduction. However, disruptions in these
camera, to characterize the reproductive systemteractions can lead to the production of congenital
compromised in the triphallia abnormality. malformations in the individual in gestation.

Our observations indicate that this case corresponds
RESULTS to true and complete triphallia, because every penis shapes
an independent appendix and not a genital tri-dissection of
the organ. In mammals including humans, the clinical
Sexual proportion in the collected animals was clossondition called diphallia, consists of the duplication of the
to 1: 1 (39 males; 35 females). They were not cases pénis and is considered an infrequent congenital
imposex and only one male presented triphallia (presentalformation in the population (Sharned al.). This
of triple penis) (Fig. 1D), corresponding to the case reportedndition may be accompanied by other duplicate organs,
in this paper. Penile morphology in this specimen was sing@ither, can correspond to isolated duplication which are
lar to the normal one, characterized by a conical and naltserved mainly in the urogenital tract (Dardanetlal.,
pigmented penis, associated to a gland with a mammillifor2005), as it is the case we inform in this work. Penile
and discoidal region (Fig. 1C). The location of the triplenorphology of each penis in this animal preserves the nor-
penis is at the base of the right ocular tentacle (Figs. 1D-B)al characteristics of shape and coloration, and also retains
as in normal males (Fig. 1B). The spermatic cervical groovke normal characteristics of histological organization
that runs along the neck of the animal is subdivided into tipeeviously described for this species (Castillo & Brown)
base of each penis forming the penile seminal groove, antlich may indicate that the functionality would not be
ascends dorsally from the base to the distal end of each pemimpromised in the triple penis. On the other hand, the
(Fig. 1F). At the histologic level, it is observed that everhistological analysis reveals that there are no duplicate or
penis is an independent appendix (Fig. 2A) with thtiplicate structures in other structures of the reproductive
corresponding mammilliform gland and over it, the morsystem. In addition, the testis where normal development of
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Fig. 1. External macroscopic view BEhinolittorina peruvianaoft body after removing the shell. Photographs (A-D) and
drawings (E-F) from the right lateral side showing details of the reproductive system. A. Female gonad. B. Normal male
genitalia and gonad. C. Normal penile morphology. D. Abnormal penile morphology; male with triple penis (triphallia). E.
Schematic drawing of the triple penile morphology (not to scale); mammilliform glands had been omitted in the scheme for
a better understanding of penile position. F. Schematic drawing of the triple penile morphology (not to scale); detail of the
cervical seminal groove and penile seminal groove branching. KEY: csg - cervical seminal groove; f - foot; g - gonad; mg
- mammilliform gland; p - penis; psg - penile seminal groove; t - tentacle. Scale bars: A, B and D = 3 mm.
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Fig. 2. Microphotographs of histological sections of the reproductive system from the Echinolittorina peruviana triple
penis male. A. Cross section through the triple penis. B. Cross section of the penis and the mammilliform glands. C, D
and E, Inserts in A: Magnifications of cross section from each penis. F. Histological organization of the prostate gland,
connection duct and the seminal vesicle. G. Gonadic adktg¥: cd - connection duct; mg - mammilliform
glands; p - penis; pg - prostate gland; psg - penile seminal groove; sv - seminal vesicle. Scale bars: A, B and

F =400um; C, D, E and G = 50m.
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early and advanced germ cells occurs, organs for transitand  In molluscs, the prevalent condition of alterations in

maturation of the spermatozoa seems to be normal. Théise reproductive system is the imposex, which produces a
results make to think that this pathological conditioseries of malformations in these animals, measurable at the
apparently not affects the fertility of this individual. macroscopic and cellular level, has been studied mostly in
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gastropods (Briclet al, 1996). At the cellular level, this urogenital sinus, to form the penis (Domingaeal, 1993).
condition involves damage to important organelles relatédin the other hand, in different species of mollusks have been
to cellular metabolism, such as mitochondria, compromisingported a number of neuropeptides that act as
the integrity of epithelium lining of the duct or seminaimorphogenetic factors of the penis and they are related to
groove in the animal (Brickt al). Our analysis to the optical the reproductive behaviour of males (Oberddrsteal.,
microscope, indicates no histological alterations i2005). Among these, the neuropeptide APGWamide is a
epithelium lining of the seminal penile groove, and thereforgeurotransmitter whose concentration is directly related to
discarding the possibility to be imposex. Sexual dimorphisthe eversion of the penis in gastropods and cephalopods
of the gonad (orange, typical in male), and the histologicéoeneet al, 2000; Morgaret al,, 2002). This neuropeptide
analysis clearly showing the presence of the male germ ceitssecreted by the pedal ganglion in males and induces penile
reinforces this idea; which rules out the possibility of &version and the formation of the deferent duct (Oberdérster
masculinized female by imposex. Similarly, this is the onlgt al). It is possible that during the transcription of genes
case in the sample whit the morphological alteration, so ittisat activate the development of sexual organs, the set up of
unlikely that this pathology is produced by environmental transductional cascade involving neuromodulators, such
agents. Inthe Caenogastropoda have been reported female®\PGWamide, could alter the correct signaling, and
affected by imposex diphallia (Meirelles$ al; Cardosceet consequently, producing morphological changes at the level
al.); however, in the case described here triphallia definitivelyf the reproductive system, that interferes with cellular
is affecting a male individual. processes involved in the morphogenesis of their structures,
like the triphallia reported in this work.

Although the exact cause of the diphallia (a similar
condition in mammals) is unknown, it has been postulated
that in mammals it occurs during the first period oACKNOWLEGMENTS
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RESUMEN: Los representantes gonocoricos de Littorinidae presentan un sistema reproductor organizado con érganos de tran-
sito que conectan al testiculo con un pene especializado para la fecundacion interna. Sin embargo, pueden ocurrir malfoestacione
nivel, como la trifalia (presencia de pene triple). Esta descripcion corresponde a un caso de trifalia encontrado entehteprese
gonocoricdEchinolittorina peruviangLamarck, 1822), habitante de las costas del Pacifico Sur. El analisis macro y microscopico revela
gue cada pene es un apéndice independiente cuya morfologia individual es semejante a la de individuos normales, caragterizada p
pene de forma conica no pigmentado asociado a una glandula de tipo mamiliforme ubicada en la base del tentaculo ocidar derecho.
surco espermatico cervical revestido por un epitelio simple cilindrico ciliado y secretor, recorre el cuello del anincialjde euta
base de cada pene conformando el surco espermatico peneano en cada uno de ellos, y asciende dorsalmente desdedpibase hasta el
Los otros 6rganos que conforman el sistema reproductor poseen una organizacién normal (sin duplicaciones o triplicdciones), y e
testiculo organizado en acinos contiene todos los tipos celulares de la linea germinal masculina. Aunque aln la caatstodésessa p
desconocida podria estar asociada a causas genéticas y no de tipo ambiental.

PALABRAS CLAVE: Molusco; Reproduccion; Sistema reproductor; Morfologia peneana; Malformacion; Littorinidae.
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