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The Planarians (Turbellaria:
Tricladida Paludicola)
of Lake Ohrid in Macedonia

Roman Kenk

Introduction

Lake Ohrid, situated in Macedonia astride the
frontier between Yugoslavia and Albania, occupies
a unique position among the lakes of Europe. It is
a deep, ancient lake with an exceedingly rich
endemic fauna of a relict nature, which has sur-
vived in the lake since the preglacial (Tertiary)
period. A detailed discussion of the history, limnol-
ogy, and biology of the lake has been presented by
Sinifa Stankovi¢ (1960) in his valuable monograph.

I studied the triclad fauna of the Ohrid region
several weeks in the summers of 1935 and 1937.
Samples of some of the species were also taken
alive to my laboratory at the University of Ljub-
ljana, Yugoslavia, and were kept and observed there
in cultures maintained at a temperature of 10° C.
Work on the accumulated materials was interrupted
by my change of employment, first to the University
of Puerto Rico and then to the Library of Congress
in Washington, D. C. My appointment as Research
Associate of the Smithsonian Institution enabled
me to resume the long overdue work on the Lake
Ohrid collections.

In the following discussion of the individual
planarian species of the Ohrid region, I shall out-
line and illustrate the external and anatomical
characters of each species, including those that
already have been well described and analyzed in
the previous literature, particularly in the classical
paper by Stankovi¢ and Komirek (1927) and in
later additions by Stankovi¢ (1938, 1969). Thus the

Roman Kenk, Department of Invertebrate Zoology, Smith-
sonian Institution, Washington, D. C. 20560.

essential features of this very interesting planarian
fauna, now scattered in the literature, will be found
combined in one paper, and the new observations
will indicate possible variations in the appearance
of the anatomical characters that are so important
in the systematics of the group. The zoogeographic
relations and the questions of the historical origin
of the Ohrid fauna will not be repeated here, as
they have already been discussed in detail by
Komirek (1953a) and Stankovié¢ (1932, 1960).

My studies of the Ohrid planarians were made
principally in the Bay of Ohrid in the northern part
of the lake and in various tributary streams and
their springs (see map, Figure 1).

With regard to the vertical distribution of the
benthic fauna of Lake Ohrid, particularly in its
northern part, the following ecological zones may
be distinguished (Stankovi¢, 1960:131-167): (1) an
upper littoral zone or zone of water movement
and/or emerging vegetation, from the water surface
to a depth of 2-5 m; (2) a lower littoral zone, char-
acterized chiefly by dense stands of several species
of Chara, the Chara zone, at a depth of about
5-20 m; (3) the sublittoral zone or shell zone
(mainly Dreissena shells), extending from 20 m to
about 40-50 m; and (4) the profundal zone, below
the shell zone to the bottom of the lake (286 m).

Specimens that are deposited in the National
Museum of Natural History (NMNH), Smithsonian
Institution, Washington, D.C., are listed under the
catalog numbers of the former United States Na-
tional Museum (USNM).

AcKNOWLEDGMENTs.—I wish to express my deep
indebtedness to my wife Ada, who assisted me very
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ably in the field collections. My thanks are due to
Professor Sinisa Stankovi¢, thea Director of the
Hydrobiological Station Ohrid, who kindly ex-
tended to me the facilities of the station and per-
mitted me the use of his personal boat in my work.
Our stay at the station in 1937 was made even more
enjoyable by the presence of our dear friend Dr.
Walther Arndt of the Zoological Museum of Ber-
lin, whose tragic death in 1944 shocked the world-
wide community of his colleagues. Mr. Ivan Znidarsi¢
of Ljubljana prepared the watercolor paintings of
living planarians reproduced in Figures 2-14. Dr.
John C. Harshbarger and Mrs. Carolyn B. Gast
of the Smithsonian Institution were helpful in the
preparation and arrangement of the illustrations of
the paper. Dr. Marian H. Pettibone kindly re-
viewed the paper for stylistic and topical errors. I
am grateful also to the publishers who permitted
me to reproduce some figures from their publica-
tions: Dr. W. Junk in The Hague, E. Schweizer-
bart’s Verlagsbuchhandlung in Stuttgart, and
Gustav Fischer Verlag in Jena.

Family DUGESIIDAE

The family Dugesiidae was first proposed by Ball
(1971:24) in a section of his doctoral dissertation
that was later (1974) published. The family is to
include the genera Dugesia, Cura, Bopsula, and
possibly Rhodax, which had previously been placed
in the family Planariidae. The principal distinguish-
ing character of the family is the opening of the
oviducts, separately or after uniting, into the bursal
stalk or rarely into the common atrium close to and
posterior to the bursal stalk (Meixner’s, 1928, types
I and II). In the Planariidae, the common oviduct
empties into the roof of the atrium (Meixner's type
III). Ball (1974:376-378) subdivided the genus
Dugesia into several subgenera that he later (1976)
elevated to the rank of genera. I agree with Ball’s
separation of the family Dugesiidae from the
Planariidae, but am not inclined to give the sub-
genera of Dugesia a full generic status.

Dugesia Girard

Dugesia gonocephala (Duges)

MATERIAL DEPOSITED.—Sagittal serial sections of
1 specimen on 3 slides, USNM 55294,

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

This species, widely distributed in Europe, has
been reported by Stankovi¢ (1960:248) as occurring
in running waters in the Ohrid region. I observed
it in the spring Elelec, about 2 km north of
Pestani.

Dugesia lugubris (O. Schmidt)

Stankovi¢ (1960:248) states that this widely dis-
tributed European species occurs in stagnant waters
in the Ohrid area. I collected it in a drainage ditch
at Teferi¢, west of Struga.

Family PLANARIIDAE
Planaria Miiller

Planaria torva (Miiller)

This is another eurythermic species with a wide
distribution in Europe. Stankovi¢ (1960:253) reports
that one specimen was observed at the mouth of a
brook at StudentiSte, but none in the lake itself.
I have not collected any mature specimens that
could be assigned with certainty to this species.

Phagocata Leidy

The genus Phagocata in the wider sense, as indi-
cated in my index (Kenk, 1974:40), is admittedly a
very heterogeneous genus, widely distributed over
the Northern Hemisphere. Most of the species of
Phagocata described up to the early part of this
century were placed by their authors in the genus
Planaria. Komirek (1926a:9-10) was the first to
attempt a subdivision of the European species of
that genus when he arranged the representatives
of Planaria into several genera and establish Fon-
ticola and Albiplanaria for several white species
of planariids in which the common oviduct opens
into the genital atrium; the male atrium is not
surrounded by radial muscle plates; and adeno-
dactyls are lacking. Kenk (1930:293) and de Beau-
champ (1932:272) did not accept Albiplanaria as a
separate genus and included it in Fonticola. The
genus, as defined above, today comprises a great
number of species inhabiting Europe, Asia (includ-
ing the Japanese islands), and North America. Hy-
man (1937:302) pointed out that one of the Ameri-
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can species of the genus, Planaria gractlis Halde-
man, had been placed by Leidy (1847:248) into a
new subgenus, Phagocata, which predates Komirek's
Fonticola and should therefore be applied to all
species placed into Fonticola. This suggestion was
followed by Dahm (1949), Gourbault (1972), and
Kenk (1974) but was objected to by several Euro-
pean investigators, particularly Komirek (1953a:
275) and Reisinger (1960:289-290).

It is true that the about 50 species, now included
in Phagocata because of the scheme of organization
of their reproductive systems, represent a great
variety of external features as well as specific ana-
tomical characters. It would be very desirable if one
could divide them at least into subgenera that
would reflect natural (evolutionary) groups that
would make sense also from a zoogeographical
standpoint (see Ball, 1976:417—418). The three
North American polypharyngeal species (Phagocata
gracilis, P. woodworthi, and P. nordeni) with almost
identical external habit but clearly different ana-
tomical features, could be united in a subgenus
Phagocata sensu stricto, as suggested by Reisinger
(1960:290). Fonticola was used as a subgenus by
Gourbault (1972:29) who, however, did not formally
define it. Atrioplanaria de Beauchamp (1932:334),
with five or six European species, may be considered
a valid genus because of morphological as well as
karyological peculiarities (Gourbault and Benazzi,
1977). Livanov and Zabusova (1940:96) established
a separate genus Penecurva for four Asian species
of different external aspects, in which the ejacula-
tory duct opens on the ventral side of the penis
papilla rather than on its tip. Such a condition is
observed also in several American species that have
little else in common with the Asian forms. Thus,
Penecurva is hardly tenable even as a subgenus.

When Fonticola is established formally as a sub-
genus or genus with a clear definition, it will com-
prise all Phagocata species of the Ohrid region,
since the type-species of Fonticola, Planaria olivacea
O. Schmidt, 1961, is a member of this species group.

The European species of Phagocata, generally
designated under Fonticola, eliminating Atrio-
planaria, are very similar in their external appear-
ance: unpigmented (white, with one exception),
two-eyed planariids with a truncate head, lacking
prominent auricular appendages and anterior ad-
hesive organs. The interspecific differences concern
mainly their anatomical characters. Reisinger (1960:
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289-291), a meticulous investigator of this gr({up,
lists the following features as distinctive attributes:
presence or absence of a spermatopositor (a stiff
tube attached to the spermatophore); number and
arrangement of the excretory pores; epithelial con-
ditions at the transition from the copulatory bursa
to the bursa stalk; number of retinal clubs in the
eyes; differences in the postembryonic development
of the copulatory apparatus; and characteristic
behavior of the animals in the search for food or
for a copulatory mate. Not all these characters can
be identified in preserved specimens; some must be
investigated in living animals by special techniques.

The following species may be considered to be
well established and readily distinguishable mor-
phologically: Phagocata vitta (Duges), P. albissima
(Vejdovsky), P. olivacea (Schmidt), P. paravitta
(Reisinger), P. bosniaca (Stankovi¢), P. undulata
(Stankovi¢), and P. leptophallus (Reisinger). On the
other hand, the affinities of four species, distributed
chiefly on the Balkan Peninsula, P. macedonica
(Stankovic¢), P. dalmatica (Stankovi¢ and Komairek),
P. ochridana (Stankovi¢ and Komdrek), and P.
illyrica (Komarek), have been questioned, with good
reason, by de Beauchamp (1932), Dahm (1958, 1967),
and even by one of their authors, Komirek (1953a:
277; 1955:170). Not all the criteria enumerated by
Reisinger can be applied to these species. 1 shall
retain them for the time being until further detailed
investigations can be carried out.

Phagocata ochridana (Stankovi¢ and Komirek)
FIGUREs 15, 32

Fonticola ochridana Komirek, 1926a:9 [nomen nudum].
Fonticola ochridana Stankovic and Komairek, 1927:643.
Fonticola ohridana—Stankovic, 1932:577.

Fonticola albissima var. dalmatica.—de Beauchamp, 1932:319

[in part].
Phagocata (?=Fonticola) ochridana—Dahm, 1964:486.
Phagocata (Fonticola) ochridana.—Gourbault, 1972:32.
Phagocata ochridana.—Kenk, 1974:42.

MaTteriAL DEPOsITED.—Sagittal serial sections of
7 specimens on 9 slides, USNM 55299-55305.

A good description of this species was given by
Stankovi¢ and Komairek, based on materials from
springs and streams in the Ohrid region.

EXTERNAL FEATURES (Figure 15).—This is a rather
slender species, sexually mature specimens measur-
ing up to 8 mm in length and 0.8 mm in width.
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The anterior end is truncated, with a convex frontal
margin and rounded lateral corners. There is no
narrowing or neck behind the head. The lateral
body margins diverge only slightly behind the an-
terior end, then run parallel up to the level of the
copulatory complex where they begin to converge
to form a bluntly pointed or nearly rounded tail
end. The two eyes are far removed from the frontal
margin and lie close together at a distance of one-
fifth to one-fourth the width of the head. The body
is unpigmented, white. The pharynx is inserted at
about the middle of the body or slightly behind
it and measures one-seventh the body length. The
copulatory apparatus occupies the anterior two-
fifths of the postpharyngeal region. The anterior
ramus of the intestine ends at, or somewhat behind,
the level of the eyes. The animals move by gliding
only, never by “crawling.”

AnaTomy.—The testes extend from the level of
the ovaries backward to near the posterior end.
They are situated, in general, nearer to the ventral
than to the dorsal body wall, though a few testes
may be placed in a more dorsal position and indi-
vidual testes may occupy almost the entire dorso-
ventral diameter of the body. The structure and
situation of the ovaries show no pecularities. Vitel-
laria or yolk glands are found in the mesenchyme
of the entire body, except the head, and are par-
ticularly numerous in the spaces lateral to the zone
of testes.

In the copulatory apparatus (Figure 32), the
genital opening leads directly into the genital
atrium which is not divided into the usual two
chambers. In several specimens, however, histologi-
cal differences were seen in the epithelium lining
the atrial cavity. The anterior part, which would
correspond to a male atrium, had a normal, cuboidal
or cylindrical, nucleate epithelium, while in the
posterior section, the common atrium, the epithe-
lium was infranucleate.

The size, shape, and position of the male copula-
tory organ appear, in the majority of my specimens,
as shown in Figure 32. The bulb of the penis is of
moderate size and hemispherical. Its musculature
is rather weak, the muscle fibers being densest near
the periphery of the bulb. The free penis or penis
papilla is conical or finger shaped, somewhat curved
ventrally, its pointed tip reaching to the dilated
genital pore. The papilla is covered with a cuboidal

SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

or flattened epithelium, beneath which is a well-
developed layer of circular muscle fibers, followed
by a thinner layer of longitudinal muscles. The two
vasa deferentia enter the penis bulb laterally and
acquire a coat of circular muscles. They first pass
toward the midline of the organ, then turn pos-
teriorly, enter the base of the penis papilla, and
open closely together, but separately, into the penis
Iumen, This lumen is a straight canal, the ejacula-
tory duct, running in the axis of the papilla and
opening at its tip. Histologically, it is differentiated
into three sections. A short anterior portion is lined
with very tall cells, the distal parts of which are bent
posteriorly and form a villus or plug filling the
lumen of the canal. This part has been likened to
a seminal vesicle by Stankovi¢ and Komdrek. The
following section of the canal has a rather flattened
epithelium, the cells of which are pierced by numer-
ous gland ducts with a granular, strongly eosino-
philic secretion. The third, most distal region of
the penial lumen is usually somewhat widened and
lined with taller cells with apparently secretory
function. It narrows again at the tip of the papilla.
At least the anterior two sections of the penis lumen
have a thin coat of circular muscle fibers. A con-
siderable variation in the length and shape of the
penis was observed even in animals collected in the
same locality. These differences are, undoubtedly,
due to muscular contractions of the organ. The two
main muscular systems of the penis, i.e., the periph-
eral layer of the penis bulb and the powerful
circular muscles of the papilla, both effect, when
contracted, an elongation of the penis and its pro-
trusion through the gonopore; much of the soft
parenchymal tissue of the bulb is pressed into the
base of the penis papilla. On the other hand, a
relaxed state of the muscles will result in a shorter
and broader shape of the organ; such a retraced
penis has a more voluminous bulb. The outer cover-
ing of the papilla appears to be a cuboidal epithe-
lium in the shortened penis, a flattened one in the
elongated organ. The histological differentiation
of the penial lumen is related to its function of
forming a spermatophore during (or before?) copu-
lation. The most anterior section, though it is not
widened in this species, may play the role of a
seminal vesicle as Stankovi¢ and Komirek (1927:
625) assume. A comparison with closely related
species indicates that the middle part of the lumen
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produces the chitinoid stalk or spermatopositor, and
the distal section the capsule of the spermatophore
(cf. “Fonticola albissima var. itllyrica” in de Beau-
champ, 1932:317).

The two oviducts, running above the nerve cords,
are equipped with accessory seminal receptacles or
modified yolk funnels, as Reisinger (1963:686-687)
has demonstrated. In the region of the copulatory
complex they ascend dorsally and medially, the left
one passing between the genital atrium and the
bursal stalk. They unite dorsally to the atrium to
form a rather long, somewhat curved common ovi-
duct that opens into the posterior part of the
atrium. The end parts of the paired oviducts and
the greater part of the common oviduct are con-
nected with numerous eosinophilic shell glands.
The copulatory bursa varies in size and shape
according to the state of maturity. Its lumen fre-
quently contains remainders of one or more sper-
matophores and/or spermatopositors. The bursal
stalk proceeds from the bursa dorsally to the penis,
then shifts to the left of the midline, increasing
gradually in its outer and inner diameters, and joins
the genital atrium from the left side near the
gonopore. Sometimes a differentiation of the epi-
thelium lining of the duct is seen. The anterior
part, adjoining the bursa, always has a normal,
nucleate, cuboidal epithelium, while the posterior
section, connecting with the atrium, may show
partly or wholly infranucleate cells.

Numerous eosinophilic glands open into a large
area of the epidermis surrounding the genital aper-
ture, the function of which is not quite evident.
Their secretions may serve for the attachment of
the egg capsules (cement glands) or else may play
a role during copulation.

DisTRIBUTION AND EcorLocy.—Phagocata ochri-
dana occurs in the Ohrid region in a great variety
of habitats. Stankovi¢ and Komarek found it origi-
nally in springs near Sveti Naum and in the large
limestone spring Sum. Later, Stankovi¢ (1934:167;
1938:9; 1955b:288) extended its known occurrence
first to the littoral zone of Lake Ohrid and to lit-
toral springs of Lake Janina (Ioannina) in the
Greek Epirus, and then to the sublitoral and pro-
fundal zones of Lake Ohrid. Obviously, Stankovi¢'s
interpretation of the species includes a form that
was designated by Reisinger (1960:274) as a separate
species, P. stankovici.
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I collected Phagocata ochridana in the following
localities: Studenciste, at the Hydrobiological Sta-
tion, in cold springs and warmer pools, under
stones, and also on water plants; Bej-Bunar, north-
east of the station, where it is rare in the cold spring
itself, more common in the creek and in ditches
with warmer water, and under stones; a small spring
near EleSec (north of the village of PeStani), to-
gether with Dugesia gonocephala; springs at the
monastery of Sveti Naum; spring Sum (about 1 km
south of Zagracani, near Struga), where the species
is absent in the cold springs (8.2° C, 7 September
1935) but occurs in warmer parts (up to 11.7° C),
under stones; an irrigation ditch at Teferi¢, west
of Struga; in Lake Ohrid, the species was found
in Ohrid Bay and near Kalifte from the shoreline
down to the shell zone.

A lot of Phagocata ochridana was cultured for
two generations in the laboratory, with beef liver
offered as food. No asexual reproduction was ob-
served in the cultures.

TaxonNomic PosiTioN.—Phagocata ochridana was
first recorded by Stankovi¢ (1926:238) as a conti-
nental variety of P. olivacea (Schmidt). Stankovié¢
and Komirek (1927:643) described it as a separate
species. De Beauchamp (1932:319) considered it to
be a probable synonym of P. dalmatica (Stankovi¢
et Komirek), which he cited as “Fonticola albissima
var. dalmatica.” This assumption was accepted also
by Komirek (1953a:278) and by the majority of
later authors who made reference to the species.
On the other hand, Stankovi¢ (1960:177) preferred
to keep the species separate “for reasons of bio-
geographical order.” Reisinger (1963:687) pointed
out that accessory seminal receptacles on the ovi-
ducts have been found only in a few species of
“Fonticola,” F. ochridana, F. maculata, and F.
leptophallus Reisinger, but apparently he did not
examine P. dalmatica for their occurrence. Rei-
singer (1960:274) also separated from Stankovic's
P. ochridana a form inhabiting the deeper zones
of Lake Ohrid, which he designated as a new
species, P. stankovici.

Considering that these three forms are still open
questions, for the time being I am keeping the
common Ohrid Phagocata as a separate species
to avoid a possible confusion when a more thor-
ough comparison can be made, an investigation
that should include experiments on the possibility
of interbreeding. It seems to me quite probable that
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all three will unltimately prove to be one species,
Phagocata dalmatica (Stankovi¢ and Komirek).

Phagocata stankovici (Reisinger)
FiGuREs 13, 16

Fonticola stankovici Reisinger, 1960:274
Phagocata stankovici—Kenk, 1974:43.

MaTERIAL DEPOSITED.—Sagittal serial sections of
3 specimens on 3 slides, USNM 55306-55308.

This species was briefly characterized by Reisinger
as differing from Phagocata ochridana by having a
precerebral extension of the intestine, without other
morphological data being given.

ExTERNAL FEATURES (Figure 13).—Phagocata stan-
kovici is externally very similar to P. ochridana.
It is somewhat smaller than the latter species, 5
mm long and about 1 mm wide. The anterior end
appears to be more rounded. The two eyes, sepa-
rated from each other by about one-fourth the
width of the head, are a little bigger than those of
P. ochridana. The end of the anterior intestinal
trunk forms an unbranched extension that reaches
in the midline to a level anterior to the eyes. This
seems to be the only essentiai external character
that separates P. stankovici from P. ochridana. The
length of the pharynx amounts to one-seventh the
body length, and the copulatory complex lies in
the anterior half of the postpharyngeal region.

ANnaTomy.—All anatomical features recognizable
in preserved specimens are identical with those of
Phagocata ochridana. 1 see no differences between
the two species in the configuration of the repro-
ductive system, which makes a redescription here
unnecessary.

DistriBUTION AND EcoLoGy.—Several specimens
of Phagocata stankovici were collected in Ohrid
Bay in the sublittoral (shell) zone at a depth of
about 20 m, and one specimen was recovered from
two samples of mud dredged from 67 and 90 m,
respectively. The statement by Stankovi¢ (1955b:
288) that P. ochridana inhabits all vertical zones
of the lake apparently includes P. stankovici under
that species.

Phagocata stankovici was kept in the laboratory
at 10° C on a diet of beef liver. The animals de-
posited many spherical or slightly ovoid unstalked
egg capsules of 0.6-0.9 mm diameter.

Taxonomic Position.—It is with some reluc-
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tance that I list Phagocata stankovici as a separate
species different from P. ochridana. If the sole dis-
tinguishing character is the extent of the anterior
intestinal ramus, it would not justify giving the
form the rank of a species. In the American P.
morgani (Stevens et Boring), the ramus extends to
in front of the eyes in young specimens but ends
behind the eye level in the adults. It is true that
the difference between P. stankovici and P. ochri-
dana remains constant and unaltered in the labo-
ratory cultures for several months. In Hymanella
retenuova Castle, belonging to a genus closely re-
lated to Phagocata, individuals with precerebral
and postcerebral gut trunks occur mixed in the
same population. It will be necessary to study the
behavior and possibly the karyological characters
of the two forms before arriving at a definitive
conclusion as to their status.

Phagocata maculata (Stankovic)
FIGURES 12, 22, 38

Albiplanaria maculata Stankovic, 1932:577.

Fonticola maculata.—Stankovic, 1938:7.

Phagocata (?=Fonticola) maculata—Dahm, 1964:487.
Phagocata (Fonticola) maculata—Gourbault, 1972:33.
Phagocata maculata.—Kenk, 1974:42.

MATERIAL DEPOSITED.—Sagittal serial sections of
4 specimens on 5 slides, USNM 55295-55298.

ExTERNAL FEeATUREs (Figures 12, 22).—Species
is rather small, mature individuals having a length
of 3-5 mm and a width of 0.75-1 mm. Stankovié
(1938:7) estimated the size of living specimens from
his preserved materials as being 6-8 mm, more than
I measured in living animals. The general shape of
the body is similar to that of Phagocata ochridana.
The frontal margin is somewhat more pointed than
in the latter species. It may be recalled that the out-
line of the head in the different species of Phago-
cata, as well as in other freshwater triclads, is subject
to considerable variation according to the physio-
logical state of the animals, the temperature, and
other environmental factors. If a cold-stenothermic
animal is examined in a dish with cold water that is
gradually warming up during the time of observa-
tion, certain changes in the behavior of the animal
may be noticed. It becomes rather active, glides
around restlessly, performs searching movements,
etc. During such increased activity, the anterior part






