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Abstract. The microtopography of Phyllodistomum folium specimens from the type host Esox lucius
collected in Czechoslovakia, was studied by scanning electron microscopy. This SEM-study revealed
tegumental ridges encircling the length of the flukes, especially prominent in the forebody. No spines
were present. A frontal pit anterior of the oral sucker was present and a marked notch on the posterior
terminal end with the opening of the excretory pore. There was observed an aciliated papilla type oc-
curring in three size categories. A special attention was given to the arrangement of these papillae,
which comprised (a) constant papillae in a constant bilateral arrangement, (b} regional concentrated,
(¢) randomly distributed ones. This system and its variability is described and figured. The results
are compared with other investigations on Gorgoderidae species, especially P. umblae (Fabricius).
The differences observed agains this closely analysed species, comprised: (a) new consistent papillae.
{b) missing consistent papillae, (¢) differences in the papilla numbers in the rows, (d) changed posi-
tions of consistent papillae.

The type species P. folium in genus Phyllodistomum Braun, 1899 was described by
Olfers (1816) based on specimens recovered in pike (Bsox lucius L.) collected in
Europe (Berlin according to Braun 1899) and placed as type species in genus Phyllo-
distomum by Braun (1899). Looss (1894) redescribed the species based on specimens
from ruffe (Acerina cernua (L.) = Gymnocephalus cernuus (L.)) collected in the vicinity
of Leipzig. He presented a detailed redescription and a figure of the gpecies, which
replaced Olfers’s (1816) original and later was used as P. folium in many of the main
books in western Europe dealing with this species (Lithe 1909, Sprehn 1960, Dawes
1968, Yamaguti 1971).

There are however, large taxonomical problems concerning this and other species
in the subfamily, which can be illustrated by three examples: Firstly, N ybelin
(1926) who presented new figures of P. folium, placed Looss’s (1894) description
and classical figure of P. folium from G. cernuus as basis of a new species, P. pseudo-
Jolium. A species accepted among others by Markevich (1951), Pigulewskii (1953)
and Bykhovskaya-Pavlovskaya et al. (1962), the two lagt-mentioned also
presented new figures of P. pseudofolium.

Secondly, Dawes (1968) suggested that P. conostomum (Olsson, 1876), P. accep-
twum Looss, 1901, and the species erected by Nybelin (1926): P. pseudofolium,
P. simile, P. megalorchis and P. elongatum, were identical with P. folium. He concluded
that it is safe to infer from the available descriptions that P. folium will closely rival
trematodes like Otodistomum veliporum in the wideness of its distribution and Buno-
dera luciopercae in the extent of its variability.

Thirdly, a study of the figures presented as P. foléum in the literature (see Zchokke
1884, Looss 1894, Nybelin 1926, Pigulewskii 1953, Slusarski 1958, Kozicka
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1959, Kakajii 1969, Prudhoe and Bray 1982) clearly indicate that either Dawes’s
(1968) statement of the extreme variability is correct or which seems plausible, the
earlier identified species consists of an assemblage of many species.

As earlier investigations by light microscopy (LM) (e.g. Thomas 1958) and by
scanning electron microscopy (SEM) in the family (Bakke and Lien 1978, Hoole
and Mitchell 1981, Bakke 1984) have revealed a taxonomical promising papillar
system on adults, we feel that a microtopographical description of P. folsum with
SEM-techniques would be important in a further evaluation of the taxonomical value
of the papillar system. The species P. umblae (Fabricius, 1780), clearly distinct from
P. jolium, as seen by LM, has been redescribed in respect to the types and arrange-
ment of papillae by one of us (Bakke 1984). This gives for the first time the possibility
of an interspecific microtopographical comparison in this genus based on the same
techniques. The specimens for this study have been recovered in the Central Europe
from pikes, the original type host, and compared with P. umblae specimens from the
type host and locality (Bakke 1984). '

MATERIAL AND METHODS

Specimens of Phyllodistomum folium were removed from the urethra/bladder of naturally infected
Esox lucius collected by an electric fishing machine in the Mécha Lake pond system in Czechoslovakia,
and washed briefly in saline. They were then killed and fixed in hot (heated to boiling) 10 %, formalin,
later transferred to 70 %, ethyl alcohol. For scanning electron microscopical studies 10 specime ns were
dehydrated through an ascending series of ethyl alcohol to critical point drying with CO; to minimize
distortion by surface tension forces. They were mounted on metal specimen stubs with silver paste,
rotary coated with gold and examined with a Stereoscan Jeol 35-C, operating at 10—15 kV.

RESULTS

The body outline, location of the suckers, the “shoulders” and the posterior notch
of P. folium are shown in Plate I-II. There are no spines. The old specimen shown in
Plate I, Fig. 1, demonstrate the prominent ‘“shoulders” situated at level of the middle
of ventral sucker separating the worm in an anterior slightly tapering subcylindrical
forebody (neck) and a dorsoventrally flattened, foliate, ovoid to circular, hindbody.
There is an increased demarcation of the shoulders with age as seen in Plate I and
a larger growth of the hindbodyin relation to the forebody (allometric growth) with
ontogenetical development. This implies a foreward shift of the ventral sucker. The
margins of the markedly wider hindbody are smooth without special tegumental
structures. There was always a prominent posterior notch present, in which the
excretory pore empties. This longitudinal dorso-ventrally slit could be of variable
prominence (Plate I, Figs. 1, 2), however, the most typical appearance is shown from
the ventral side in Plate III, Fig. 2, and from the dorsal side in Plate VI, Fig. 3.

The oral sucker is directed anterio-ventrally with the genital pore situated in the
middle between the suckers and surrounded by a slight tegumental elevation (Plate IT).
The whole body except for the sucker rims, the hindbody dorsally (Plate VI, Fig. 2)
and the terminal parts, are covered by transverse tegumental ridges, most prominently
developed in the forebody (Plate II). Within and on the rim of the oral sucker there
are radially directed corrugations (Plate IV, V) as on the rim of the ventral sucker
(Plate III, Fig. 1), which structurally separates the tegument covering the suckers
from the body tegument. The tegument is generally thrown up into small elevations,
resembling cobble-stones (Plate III—VI). The frontal pit is slightly discernible, but
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Fig. 1. The papillary arrangement on the anterior end of P. folium. _The circ]t?s indicate the ap-
proximate position of the consistent papillae which occur, as shown, in three size groups, on the,
anterior dorsal end (a), anterior ventral end (b) and ventral sucker (c) (For arrows, lines, numbers

plus and minus sign, see text).
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without an anterior tegumental elevation. The frontal pit is, however, always limited
laterally by a papilla on each side (Plate IV).

Papillae, irregularly or regularly distributed, depending on body region, can be
found over the whole surface. The only papilla type observed by SEM, the ‘“button
papillae”, are unciliated with a approximately smooth surface. This “button type”,
may generally occur from randomly to consistent, i.e. in specific constant positions
and arrangements on the body and suckers. They can be divided into three classes
based on relative sizes. The largest “button papillae” (1) occur only on the ventral
sucker rim in a number of six (Plate III, Fig. 1); the second in size (2) are the most
common and oceur in large numbers from random to consistent in a distinctly bilateral
arrangement on the body and on the oral sucker (Plate II—VI); the third and smallest
type (3) are found in a distinct bilateral pattern within the ventral sucker (based on
position they correspond to the “domed papillae” of Hoole and Mitchell (1981)
and Bakke (1984)), and on the oral sucker and anterior dorsal side (see Plate 1V,
Plate VI, Fig. 1). ‘

On the hindbody all papillae are randomly distributed. Anterior ventral on the
forebody between the suckers, there is a longitudinal arrangement of papillae in two
rows with a restricted, but slightly variable number. However, four prominent
consistent papillae of size two are typically present in each row (Plate II, Fig. 3 —
large arrows). Laterally there are an arrangement of six similar papillae, which as
shown in Plate II, Figs. 3, 4 (small arrows) extends to the posterior level of ventral
sucker.

On the ventral sucker rim six large consistent, papillae (size 1) are arranged with
specific position and pattern (Plate III, Fig. 1 — black arrows), the same as four
consistent papillae (size 3) within the ventral sucker (Plate III, Fig. 1 — white
arrows). Sixteen consistent papillae have a specific position in a bilateral arrangement
around the oral sucker, 6 posteriorly (size 2) and 10 (6 of size 2, and 4 of size 3) from
laterally to anteriorly (Plate IV, Fig. 1— black arrows). On the oral sucker rim
(black arrows) and within the sucker (white arrows) 20 consistent papillae have
a regular position in a bilateral arrangement, 8 posteriorly (4 of size 2, and 4 of size 3)
and 12 (10 of size 2, and 2 of size 3) laterally to anteriorly (Plate IV, Fig. 2, sce arrows).
Plate V demonstrates the slight variability in positions of these papillae and the
observed tendency of coalescence of the size 2 and 3 papillae situated in the positions
marked with white arrows.

Anterior dorsally 14 papillae (8 of size 2, and 6 of size 3) have a constant position
and arrangement in three sectors comprising 4, 6 and 4 papillae (Plate VI, Fig. 1 —
black arrows). Posterior dorsally the papillae oceur evenly distributed.

Generally, the body papillae seem to be more frequent ventrally, and with a regional
concentration at the anterior end of P. folium and on the suckers. Ventrally and
laterally on the forebody most of the papillae in P. folium seem to occur in a specific
arangement (Piate IT, IV, V), on the hindbody in contrast, they are always randomly
distributed (Plate I, III, Fig. 2).

There are three types of papilla distribution: 1. random, 2. concentrated in particular
regions, 3. consistent with fixed location and numbers in a bilateral symmetrical
arrangement. The position and arrangement of the papillae of type 3 distribution
on the forebody with the ventral sucker are indicated diagrammatically and summar-
ized in Fig. 1. The circles indicate the constant papillae of the three size types,
their arrangement (see lines) and approximate position (some atypical cases may be
found with missing or extra papillae).
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DISCUSSION

There 1s a obvious need for a redescription of P. folium by LM-microscopy, on
specimens from pikes (preferably from the Berlin area) and an analysis of the geo-
graphical variability of this species in pikes and other functional host species. Our
material is determined on basis of light microscopical comparisons with earlier
descriptions (Pigulewskii 1953, Slusarski 1958).

Few electron microscopical investigations have been performed on the tegument
of gorgoderids. Studies of the microstructure of the outer surfaces by SEM are
restricted to those of Nadakavukaren and Nollen (1975) (on Gorgoderina attenuata
(Stafford, 1902)), Hoole and Mitchell (1981) (on @. witelliloba (Olsson, 1876)),
Bakke and Lien (1978) and Bakke (1984) (on Phyllodistomum umblae (Fabricius,
1780) (syn. P. conostomum (Olsson, 1876)). Differences in the papillar system are
earlier found between P.umblae and P. simile Nybelin, 1926 (see Thomas 1958),
P. coregoni Dechtiar, 1966 (see Dechtiar 1966), G. attenuata (see Nadakavukaren
and Nollen 1975), and G. vitelliloba (see Hoole and Mitchell (1981)). Dechtiar
(1966) specifically indicates that P. coregont differs from 10 listed species in the genus
in number and arrangement of papillae on the suckers and (or) on the surfaces and
margins of the body. Nevertheless, there is a need for a reinvestigation of the species
earlier only LM-investigated to make them comparable with the present data revealed
by SEM.

The present P. folium-results compared with P. umblae reveal that the hindbody
outline is more round to ovoid/foliate than in P. umblae and accordingly the shoulders
more distinct. The frontal pit, however, is more prominent in P. umblae; the tegu-
mental topography with ridges, their distribution and orientation much of the same,
except that dorsally on the hindbody the transverse tegumental corrugations in
P. folium seem less developed than in P. umblae.

As for the types of papillae, no clear evidence for a ciliate and rosette type as in
G. wvitelliloba and P. umblae (Hoole and Mitchell 1981, Bakke 1984) was found in
P. folium adults. However, the papillae within the ventral sucker (of size 3) may
represent the “‘domed type” based on the position. The ‘“button type” of P. folium
demonstrated a size variability, as in the adults of the other species. However, in
P. folium they could be grouped into three size classes: 1. large (arranged on ventral
sucker rim), 2. medium (the most frequently observed, randomly or consistantly
arranged on the whole body), and 3. small (arranged on the anterior end around the
sucker and frontal pit, and within the ventral sucker).

There are specific differences in the arrangement of the consistent papillae between
P. folium and all the other species investigated. The difference against P. umblae,
the best analysed species, (see Bakke 1984), comprises irrespective of papillae types:
1. Missing pap‘llae on P. folium (two bilaterally arranged within the oral sucker on
the “‘posterior lip”; two bilaterally arranged posterior of the oral sucker (see Fig. 1,
positions marked with —); 2. Extra papillac in regular arrangement on P. folium
(two on the posterior rim of the oral sucker, four dorsally as a sector posterior of the
two described for P. umblae (see Fig. 1, positions marked with +); 3. Differences
in the row-system as earlier described for P. umblae: (row 1) no variability observed
(papillae number 242 in P. folium); (row 2) no variability observed (papillae number
343 in P. folium); (row 3) lower restricted number in P. folium and the presence
of 444 consistent and prominent papillae with regular appearance; (row 4) a row
specific of P. folium which comprises papillae in a restricted number with 6-6
consistent and prominent papillae appearing laterally on the forebody (a tendency
for an anterior lateral concentration without constant ones was traceable in P. umblae);
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4. Changes in positions of the consistent papillae on P. folium (the arrows in Fig. 1
indicate those papillae whose positions seem most clearly changed in relation to
P. umblae, and the direction of the “displacement”. There are no principal differences
in the arrangements of the consistent papillae (see lines, Fig. 1) around and on the
oral sucker between these species. The arrangement of the remarkably consistent
papillae observed on the ventral sucker is similar to that of P. umblae. Generally,
there was a more restricted number of the randomly scattered body papillae in
P. folium compared to P. wmblae from Arctic char, Salvelinus alpinus (L.) (Bakke
1984).

Th)ere is clearly a need for a closer analysis of other Phyllodistomum species and
of other gorgoderids. There is also of importance to study the anatomical and func-
tional properties of the papillae in adults for a sound evaluation of their taxonomical
and classificational value.
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MHUKPOTOINIOTPA®UA TETYMEHTA U PACINPEJEJEHHWE ITATTU.I.T
Y MAPUTHBI TPEMATOOBI PHYLLODISTOMUM FOLIUM (OLFERS,
1816) (DIGENEA: GOR GODERIDAE) OT IYKHU (ESOX LUCIUS L.)

T. A. Baxre u 3. Haapcxa

Pestome. Muxporonorpagmio terymenta TpeMatonni Phyllodistomum folium or myru Esox
lucius w3 YexocJIOBAKNH M3Yyasld UPM [OMOIN CKAHMPYIOUIEH 3JIEKTPOHHOM MHKPOCKOTIMH.
O0Hapy»eHsl TeTyMEHTAJBHBIC CK.TAJNKH, OKPYMKAIOIUHE TeJ0 TPeMaTOnbl, 0COGEHHO BLICTYHA-
fonme B nepenHed dactu Tesa. Inne He BeTpevannck. Ilepey PoTOBOM HpUCOCKOH 00HApYHKeHO

poHTajILHOe YriyOJieHHe H BrIpe3Ka Ha 3aj(HEM KOHIE, ¢ OTBEPCTHEM JKCKPETOPHOMH ITOPHL

OHapyeHL Danmu/NEL 6e3 pecHMYeK, BCTpeyalollecst B TPCX PasHBIX pasmepaX. BHuMaHume
ynrensierca 0coGE€HHO DACHpeNlesIeBHI0 STHX NANKIII, KOTOPBIC BKJIIOYAKOT a) LIOCTOSIHHBIE [a-
IR B KOHCTAHTHOM OMJIaTepasibHOM paclipefielieHsH, 6) PeruOHAbHO KOHIEHTPHPOBAHHEIE
NAanHIAL, M B) GECIOPsIOUHO pacnpefesieHdse manuisl JlaHo OmMcaHWe M PHCYHKH 3TOM
CUCTEMEl H €e M3MEeHYHBOCTh. Pe3y.IhTaThl CPABHMBAIOTCA ¢ Pe3YJLTATAMH, NOJYYEHHLIMM IIPH
u3yyeHHH BMIOB ceMedicTBa Gorgoderidae, ocoGenno P. umblae (Fabricius). BriAs:iicHs! cieny-
0IMe PasdaMYuA: a) HOBbE KOHCHCTEHTHHE NAaNHJIIB, 6) OTCYTCTBYIODUHE KOHCHCTEHTHBIE lia-
OMJITEI, B) PAasIHYHsA B KO.IHUECTBE NANHT B Psjlax, I') HAMEHeHHbHIE NOJIOMCHMSI KOHC HCTEHT-
HBIX MATHII.
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.

Four specimens of P. folium demonstrating the anterior ventral side with the genital pore (gp).
Three specimens of P. fahum ahnwmg the bady outline with pmmlncnt shoulders (s) and the postemor Large arrows point to the four ventral pairs of consistent papillae, small arrows indicate the six
noteh (pn); Fig. 1. Old mature specimen. Fig, 2. Mature specimen, Fig. 3. Young premature speci- lateral pairs of consistent papillae (Scale bars 100 pm).

men (Scale bara 100 pm).



. Plate IV

T. A. Bakke, Z. Zdéarskd, Tegumental microtopography . . . . . . . . . . . . . PlateIII T. A. Bakke, Z. Zdérskd, Tegumental microtopography . . . . . . . . . . . .

Fig. 1, 2. The papillary arrangement on the anterior ventral end on and around the oral sucker
Fig. 1. The papillary arrangement on the ventral sucker of P, folium, comprising the 6 consistent of P. folium, demonstrating the 16 consistent papillae around (Fig. 1, black arrows) and the 20
papillae on the rim (black arrows) and the 4 consistent papillae within the sucker (white arrows). consistent papillae on the rim and within the oral sucker (Fig. 2, respectively black and white
Fig. 2. The posterior notch as seen from the ventral side (Scale bars 20 pm). arrows) (Scale bars 20 pm).



T. A. Bakke, Z. Zdarskd, Tegumental microtopography . « « « + «+ + . . . . . . Plate V T. A. Bakke, Z. Zdérskd, Tegumental microtopography . . . . . . . . . . . . . Flate VI

1

Fig. 1. The papillary arrangement dorsally on the anterior end of P. folium, demonstrating the
14 consistent papillas (black arrows). Fig. 2. The dorsal surface microtopography of the neck and
posterior part, at level of shoulders. Fig. 3. The posterior notch a6 seen from the dorsal side (Scale

Two specimens of P, folium demonstrating the little variability in the oral sucker papilla arran-
: bars 20 pum).

gement. White arrows, see text (Scale bars 20 pm).
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