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Freshwater Triclads (Turbellaria)
of North America,
IX: The Genus Sphalloplana

Roman Kenk

Introduction

The genus Sphalloplana was established by
Beauchamp (1931:321) for a white, blind planarian
from Mammoth Cave in Kentucky, reported earlier
by Packard (1879:142) from the same locality under
the name of Dendrocoelum percoecum, new species.
Beauchamp stressed the fact that the species has
the external appearance of a dendrocoelid, par-
ticularly by the undulated body margins of the
preserved specimens. Anatomically, however, it
could not be placed in the family Dendrocoelidae,
as its internal pharyngeal musculature consisted of
two distinct layers, an inner circular and an outer
longitudinal one, while in the dendrocoelids it is
composed of one layer of intermingled circular and
longitudinal muscle fibers.

Additional species of Sphalloplana were described
by Hyman in several papers, all collected in caves
or springs and placed into a new family, Kenkiidae.
Hyman (1937:473) also introduced a related genus,
Speophila, which differed from Sphalloplana by
having a more highly developed adhesive organ. In
a later paper, however, she (1945:481) stated that
“it is probable that all gradations in the develop-
ment of the adhesive organ exist among the Ken-
kiidae, and hence that eventually it will be impos-
sible to draw any definite line between the two
genera. 1 therefore anticipate that when our

Roman Kenk, Department of Invertebrate Zoology, National
Museum of Natural History, Smithsonian Institution, Wash-
ington, D.C. 20560.

cavernicolous planarians are sufficiently known,
Speophila will become a synonym of Sphalloplana.”
This union of the two genera was finally proposed
by Mitchell (1968:614-615) and has been accepted
by Kawakatsu (1969:76), Carpenter (1970), and
myself (1972:13).

The genus Sphalloplana may be defined as Ken-
kiidae, in which the internal pharyngeal muscle
zone consists of two layers arranged as in the
Planariidae, an internal layer of circular fibers
surrounded by a layer of longitudinal muscles. In
the other two genera of the family, the outer zone
of the internal pharyngeal muscles has an inter-
mingled network of longitudinal and circular fibers.
This is known for the genus Macrocotyla (Kenk,
1975:826). Kawakatsu, who had an opportunity of
examining Kenkia rhynchida Hyman from its type-
locality, informed me (pers. comm.) that Kenkia
has the same muscular condition as Macrocotyla.

Sphalloplana may be divided into subgenera as
proposed by Carpenter (1971:1284): subgenus
Sphalloplana (type-species, Dendrocoelum per-
coecum Packard) with weak adhesive organ, and
subgenus Speophila (type-species, Speophila pricei
Hyman) with highly differentiated, deeply invagi-
nated adhesive organ (with some gradations between
the two subgenera). The third subgenus proposed
by Carpenter, Polypharyngea (type-species, Sphal-
loplana mohri Hyman), based on the presence of
many pharynges, is of doubtful value, since poly-
pharyngy occurs in other genera (Phagocata,
Crenobia) as a specific or even subspecific charac-
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teristic. Therefore I place S. mohri in the subgenus
Speophila.

Concerning the distinguishing characteristics of
the species of Sphalloplana, Carpenter (1970) as-
sumes that they are subject to great variation.
Nevertheless, in worms preserved by a proper tech-
nique there is a great uniformity in the characters
of specimens from the same locality, with only little
variability. Kenkiid planarians are rather difficult
to preserve. The usual methods of relaxation (by
anesthetics) or extension (e.g., with diluted nitric
acid), which are appropriate for many planariids,
frequently result in great distortions of the internal
muscular organs (pharynx, penis, etc.). The same
is true for Carpenter’s (1969) rapid freeze technique
that, however, preserves the external shape of the
animals beautifully (see also Kawakatsu and
Miyazaki, 1972:87-88, and the photographs in
Carpenter, 1970).

1 have obtained the best and most uniform
results by instantaneous killing of the worms with a
hot fixative. A worm is placed in a small dish with
only a few drops of water. When it is well ex-
tended, a hot (almost boiling) fixative is rapidly
poured over it. I use as fixative a saturated (about
7%) solution of corrosive sublimate (HgCl,) in
water or physiological saline solution. After killing,
the fixative is acidulated with a few drops of
diluted acetic acid. After several hours, the speci-
men is washed in water for one hour, then trans-
ferred to increasing concentrations of ethyl alcohol.
The last traces of the sublimate are removed by
adding small quantities of tincture of iodine to the
alcohol.

The characters used for the differentiation of
the species of Sphalloplana are both external and
anatomical ones. Externally, the shape of the an-
terior end is very characteristic,c some species
bearing anterolateral auricular projections, others
no auricles. The anterior border of the intestinal
area is either rounded or shows anterior extensions
along both sides, with a median recess, producing
the shape of the letter V, as is seen in some of the
species with well-developed adhesive organ. Ana-
tomically, the location of the essentially prepharyn-
geal testes, whether dorsal, ventral, or both, is
important. In the copulatory apparatus, the shape
of the. penis, the proportional size between the
penis bulb and penis papilla, the shape and his-
tology of the penial lumen, and the location of the
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mouth of the ejaculatory duct are to be noted. The
vasa deferentia in some species enter the penis bulb
anteroventrally or laterally, in others they curve
upward and enter the bulb posterodorsally. The
presence or absence of a distinct vagina on the
bursal duct and the location of the mouth of the
common oviduct are other distinguishing features.
Some species show a characteristic distribution of
infranucleate epithelia in the copulatory complex.

The present report deals chiefly with those
species of Sphalloplana that I have been able to
obtain alive. There are, in all, 19 species of the
genus reported in the literature, of which 15 occur
in the United States, two in Japan, and one each
in South Korea and Siberia. Five of the North
American species are considered to be identical and
one, S. hoffmasteri (Hyman), has been transferred
to the genus Macrocotyla (Kenk, 1975:333). The
Siberian species, S. ductosacculata Livanov and
Zabusova (1940), has the testicular zone extending
to the posterior end and may not belong to this
genus. One of the two undescribed Japanese spe-
cies, S. sp. from the Yatsu-gadake Mountains
(Ichikawa and Kawakatsu, 1967:512), is a two-eyed,
darkly pigmented planarian and has not been
studied anatomically. In addition to the valid nine
species of Sphalloplana of the United States, seven
new species are described in the present paper.

A comparison of the American cavernicolous tri-
clad fauna with that of Europe is very interesting
from the zoogeographical standpoint. The Ameri-
can Kenkiidae, split into many closely related
species, occupy the same ecological niches as do
the numerous subterranean species of Dendro-
coelum and related genera in Europe (see par-
ticularly Beauchamp, 1932, and Gourbault, 1972).
The differentiation of both faunas apparently is
of relatively recent geological origin. There is no
kenkiid known to occur in Europe and no Dendro-
coelum in the Americas.

ACKNOWLEDGMENTS.—My study of the genus
Sphalloplana would not have been possible without
the generous aid of many collaborators, particu-
larly speleologists who kindly provided me with
materials from various caves. I wish to express to
them my deep appreciation of their valuable coop-
eration. It would be difficult to list all persons who
have sent me specimens. They are mentioned under
the collection data for the individual species. I
may name here only the most outstanding contrib-
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utors: Dr. John R. Holsinger (Old Dominion
University), Mr. Jerry Lewis (Southern Illinois
University), Dr. Russell M. Norton (Yale Univer-
sity), Mr. Arnold Norden, and Mr. William W.
Torode. Dr. John C. Harshbarger (Smithsonian
Institution) kindly permitted me the use of his
laboratory facilities for the preparation of photo-
graphic illustrations. Thanks are due to the
American Museum of Natural History, which
kindly lent me some of L. H. Hyman’s slides for
examination. I also wish to express my gratitude to
various publishers who permitted me to reproduce
some, in part copyrighted, figures from their publi-
cations: McGraw-Hill Book Company, American
Microscopical Society, Biological Society of Wash-
ington, and the publishers of American Midland
Naturalist.

The location of the type materials of the indi-
vidual species is indicated by the following abbre-
viations: AMNH for American Museum of Natural
History, New York; and USNM (former United
States National Museum), for materials in National
Museum of Natural History, Smithsonian Institu-
tion, Washington, D.C.

Sphalloplana (Sphalloplana) percoeca
(Packard, 1879)

Ficurss 1, 11, 30, 45

Dendrocoelum percoecum Packard, 1879:141.

Fonticola percoecum —Hyman, 1931:328.

Sphalloplana percaeca—Beauchamp, 1931:321.
Dendrocoelum percaecum.—Giovannoli, 1933:622.
Sphalloplana percacca—Castle and Hyman, 1934:156.
Fonticola percaeca—Hyman, 1935:345.

Sphalloplana percoeca—Hyman, 1937:469.

Sphalloplana (Sphalloplana) percoeca—Carpenter, 1971:1284.
Sphalloplana alabamensis Hyman, 1945:476.

TyPE MATERIAL—Packard’s original material
apparently is not preserved. Hyman’s syntypes of
S. alabamensis, one whole mount and two slides
of sagittal sections (USNM 20639).

History.—The early history of the discovery and
description of the species has been reviewed by
Buchanan (1936:194). It was first depicted by
Packard (1879:141) in a small, rather primitive
illustration that was also reproduced in later publi-
cations of the same author (1880:141 and later
editions of his Zoology; 1888:28). Illustrations of
preserved specimens were furnished by Beauchamp
(1931:322) and drawings and photographs of living
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animals by Buchanan (1936:196) and Carpenter
(1970, fig. 11). Descriptions of the species were
given by Packard (1888:28), Beauchamp (1931),
Buchanan (1936:195-196), Hyman (1937:470-471),
and Carpenter (1970:69-75). Hyman’s description
of §. alabamensis is based on badly preserved ma-
terials and contains several inaccuracies. In the
following, only the essential characters of the
species will be discussed.

ExTERNAL FEATURES (Figures 1, 11).—Sphallo-
plana percoeca is a purely white species, without
any pigmentation. Mature animals generally are
about 10-12 mm long and about 2 mm wide, but
may reach a length of 16 mm. The anterior end
has a bulging frontal margin and conspicuous
rounded auricles projecting anterolaterally. The
situation of the adhesive organ is seen as an opaque
spot behind the center of the frontal margin. Be-
hind the auricles, the lateral margins of the body
narrow to some extent, then widen again. Charac-
teristic is the outline of the anterior border of the
intestinal area that is rounded and not forming the
two lateral extensions seen in some species with
more highly developed adhesive organs.

AnaTOoMY.—The adhesive organ (Figure 30) is a
shallow subterminal pit lined with an infranucleate
epithelium that is pierced by many eosinophilic
gland ducts and equipped with a system of muscle
fibers (see Beauchamp, 1931:323-325; Hyman,
1937:470).

In the reproductive system, examined by me
in four sets of sagittal serial sections, the ovaries
are situated at the level of the second or third
lateral branch of the anterior intestinal ramus. The
testes, in moderate number, are dorsal and pre-
pharyngeal, occupying on either side a longitudinal
zone. The copulatory complex (Figure 45) has been
described and illustrated by Beauchamp (1931, fig.
8) and Hyman (1937, fig. 13), but needs further
analysis. The genital atrium is divided distinctly
into an anterior male atrium (am) surrounding
the penis papilla and a posterior chamber that
appears to be a combination of the common atrium
(ac) and the expanded terminal part of the bursal
duct or vagina (v). The penis has a rather small
bulb (bp) with weak musculature and a large, gen-
erally rounded, plug-shaped papilla (pp). This cor-
responds to the penis shape illustrated by
Beauchamp (1931, fig. 8) rather than to Hyman's
(1937, fig. 13) diagram of the copulatory apparatus.
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The papilla is covered with a cuboidal epithelium
with an underlying coat of muscle fibers, circular
ones adjoining the epithelium and longitudinal
ones below them. The bulb contains a small cavity,
the seminal vesicle (vs), of rounded shape in a
medial section, but extending laterally to both
sides. From this cavity originates a duct (de) passing
into the papilla, rather narrow in its anterior part
and of variable diameter posteriorly, sometimes
widening in a funnel-like fashion, and opening at
the tip of the papilla. This lumen apparently cor-
responds to an ejaculatory duct. It is surrounded
by a muscle layer consisting chiefly of longitudinal
fibers. The sperm ducts or vasa deferentia (vd)
approach the sides of the penis bulb, enter the
bulb laterally, and open into the lateral extensions
of the seminal vesicle. Eosinophilic gland ducts
enter the penis bulb from the surrounding mesen-
chyme, traverse the penis, and open on the outer
surface of the papilla. The two oviducts unite
above the male atrium and the common oviduct
(odc) thus formed opens into the dorsal roof of the
male atrium, far removed from the gonopore (gp).
The copulatory bursa (b) is a sac of variable shape
located between the posterior wall of the pharyn-
geal chamber and the penial bulb. Its outlet, the
bursal duct (bd), starts as a rather narrow, straight
canal running posteriorly above the penis and male
atrium to a level behind the gonopore. There it
turns ventrally and expands into a voluminous
cavity, the vagina (v), which is in wide connection
with the cavity of the common genital atrium (ac).
The vagina has a thick muscle coat of intermingled
circular and longitudinal fibers. It was not possible
to analyze the musculature of the anterior, thin
part of the bursal duct.

All epithelia of the copulatory apparatus are
nucleate except, perhaps, the lining of the male
atrium, which appears to be, at least in part, infra-
nucleate in some of the specimens studied.

DisTrIBUTION AND Ecorocy.—Sphalloplana per-
coeca is a troglobitic species and appears to be
widely distributed in the states of Kentucky, Ten-
nessee, and Alabama, possibly extending also into
West Virginia and Georgia. Localities that need
verification are preceded by a question mark (?) in
the following list.

ALABAMA. JacksoN CounTy: (1) Dinky Pit, Alabama Cave
Survey No. 756 (Carpenter, 1970:71). (2) Fern Cave, Survey
No. 597, located just above the town of Paint Rock; about 25
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specimens collected by William W. Torode, many mature, 14
December 1975. (3) Graham Pit, Survey No. 943 (Carpenter,
1970:71). (4) “Old Saltee Cave” (= Sauta Cave), Survey No.
50, near town of Lim Rock, type-locality of S. alabamensis
(Hyman, 1945:477; Carpenter, 1970:71; Holsinger, 1966:85).
(5) Williams Saltpeter Cave, Survey No. 590, located about 20
miles east of Huntsville; 30 specimens collected by W. W.
Torode, some mature, 27 October 1975.

KENTUCKY. CaLpwirL County: (1) PLisanby Cave (Car-
penter, 1970:69). CARTER COUNTY: (1) ?Cascade Cave (Dearolf,
1953:226). EpmMoNnsoN County: (1) ?Diamond Cave (Packard,
1888:28). (2) ?Ganter Cave (Dearolf, 1953:226). (3) Great
Onyx Cave (Carpenter, 1970:71); specimens kindly sent to
me by ]J. H. Carpenter in February 1971. (4) Mammoth
Cave, type-locality of Dendrocoelum percoecum, in Shaler’s
Brook, Gothic Avenue, Richardson’s Spring, Annette’s
Dome, Audubon Avenue, and Rafinesque Hall (Packard,
1888:28; Bolivar and Jeannel, 1931:308; Beauchamp, 1931:
317; Giovannoli, 1933:622; Buchanan, 1936:194; Barr, 1968:
155); one specimen collected by the writer in Annette’s Dome,
August 1933. (5) ?White Cave (Dearolf, 1953:226; Carpenter,
1970:71; Barr and Kuehne, 1971:71). EsTiLL County: (1) Pear-
son Cave (Carpenter, 1970:71). HART CouNTY: (1) PMammoth
Onyx Cave (Dearolf, 1953:226). JacksoN CounTy: (1) Clemons
Cave, (2) John Rogers Cave, (3) Morning Hole Cave, and (4)
Wind Cave (Carpenter, 1970:71). WAYNE County: (1) Jesse
Cave (Carpenter, 1970:71).

TENNESSEE (all records need verification). CAMPBELL
CounTy: (1) Meredith Cave (Barr, 1961:31). DAvIDSON COUNTY:
(1) Mill Creek Cave (McRitchie, 1959:31). PurNAM COUNTY:
(1) Harve Petty Cave (Barr, 1961:31). RUTHERFORD COUNTY: (1)
Herring Cave (McRitchie, 1959:31). VAN BUREN County: (1)
Creeping Cave (Barr, 1961:31). WHITE CouNTY: Indian Cave
(Carpenter, 1970:71).

WEST VIRGINIA. PEnpELTON CounTy: (1) ?Blowhole Cave
(Carpenter, 1970:69).

Sphalloplana georgiana, a problematic species,
may also be identical with §. percoeca. The locali-
ties of that species are listed under S. georgiana.

Some ecological data for S. percoeca were pre-
sented by Buchanan (1936): The temperature of the
waters in Mammoth Cave was in the range of 12°C
to 14°C, the pH, 7.6. Holsinger (1966:85) observed
a large population of “S. alabamensis” in Sauta
Cave in a rimstone pool where large amounts of
decaying wood had accumulated; he speculated
that the flatworms may be able to feed on particu-
late organic matter or on smaller organisms that
inhabit such pools or on both types of food. Barr
(1968:155) and Barr and Duehne (1971:71) reported
that the species in White Cave occurred in tem-
porary rimstone pools soon after the pools filled
with water dripping from stalactites or trickling
down and concluded that they had survived in the
silts of the dried pools by encysting in the layers
of the hygroscopic deposits at the bottom of the
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pools. A similar survival of cave planarians had
been reported by Ginet and Puglisi (1964) for
Phagocata notadena (Beauchamp) and by Gour-
bault (1965:477) for Dendrocoelopsis chattoni
(Beauchamp) in two caves in France. The same
mode of survival during the desiccation of the
habitat is known also for some epigean planarians
(see, for example, Lascombe, 1971:31-32).
Carpenter (1970 and 1973) reported that cocoons
of S. percoeca were found in the caves in spring
and summer and hatched in the laboratory at 13°C
in about three months, each cocoon yielding 2-17
young.

PHYsIOLOGICAL STUDIES.—Buchanan (1935 and
1936) studied the behavior of the species in the
cave and the laboratory, its locomotion, reactions
to light, tolerance of acidity and alkalinity (pH
6.6 to 8.0) and of temperature (it may tolerate 24°C
for hours), and its limited regenerative ability.
Wells and Harris (1954) reported briefly on its sen-
sitivity to ultraviolet irradiation.

TaxoNoMic PosiTioN.—The weakly developed
adhesive organ places S. percoeca in the subgenus
Sphalloplana of which it is the type-species. Other
specific characteristics are the presence of conspicu-
ous auricles, the rounded anterior border of the
intestinal area, the dorsal position of the testes,
the shape of the penis (with small bulb and large,
plug-shaped papilla), the lateral entry of the vasa
deferentia, the opening of the penis lumen on the
tip of the papilla, the confluence of the common
genital atrium and the vagina of the bursal duct,
and the location of the mouth of the common ovi-
duct, far removed from the genital aperture. From
the externally similar S. consimilis it differs by its
penial structure, from S. evaginata by the absence
of diverticula on the common genital atrium, and
from S. holsingeri by the dorsal position of the
testes and the anatomy of the copulatory complex.

Sphalloplana (Sphalloplana) georgiana
Hyman, 1954

FIGURE 46

Sphalloplana georgiana Hyman, 1954:566.
Sphalloplana (Sphalloplana) georgiana.—Carpenter, 1971:1284.

Type MaTerIAL—Holotype, one whole mount
(USNM 24614). Paratypes, one whole mount of
anterior part of the body (USNM 24614) and four
sets of sections on 16 slides (AMNH 705).
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The species is known for certain only from the
type-locality and Hyman’s (1954:566-570) descrip-
tion.

EXTERNAL CHARACTERS.—A blind, white species,
rather slender, with truncate anterior end bearing
a central adhesive organ. Size of preserved speci-
men, about 8 mm long.

ANatoMy.—Hyman states that the four speci-
mens studied were in a very bad histological condi-
tion. The small adhesive organ is rather simple,
forming a cuplike depression with eosinophilic
glands and attached retractor muscles.

The testes are small, arranged on either side in a
rather short band anterior to the pharynx. Hyman
indicates that they are ventral; however, they seem
to me to be in a dorsal position if I interpret
Hyman’s paratype slides correctly. In the copula-
tory organs (Figure 46), the penis has a rounded,
muscular bulb (bp) and a conical papilla covered
with a tall epithelium. The two sperm ducts (vd)
enter the bulb anterolaterally and open separately
into the sides of the rounded bulbar cavity (seminal
vesicle, vs), from which an ejaculatory duct (dec)
proceeds to open at the tip of the papilla. The
common oviduct (odc), surrounded by esosinophilic
shell glands, opens into the roof of the male atrium,
far removed from the gonopore (gp). The copula-
tory bursa was not observed. The bursal duct (bd)
runs as a slender canal dorsally to the male atrium
to behind the level of the gonopore, then curves
downward and anteroventrally and expands into a
large vagina (v) with thick walls, which is not
separated from the common genital atrium.

DistriBuTiON AND Ecorogy.—The type-locality
of S. georgiana is Howard’s Waterfall Cave, Dade
County, Georgia, where it was collected by C. E.
Mohr on 8 December 1950. J. H. Carpenter (1970:
76) visited this locality again in 1969 and collected
two sickly, immature specimens that could not be
used for closer examination, but appeared exter-
nally identical with S. percoeca.

Dr. J. R. Holsinger transmitted to me planarians
from two caves located in Dade County near the
type-locality of S. georgiana: Byers Cave (1.5 miles
southwest of Rising Fawn) and Johnson Crook
Cave (near Rising Fawn), collected on 18 and 19
June 1967 by J. R. Holsinger, S. Peck, A. Fiske,
and R. Barody (see Holsinger and Peck, 1971:28).
Unfortunately, the specimens were not properly
preserved. Their recognizable anatomical charac-






