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Abstract. Transmission electron microscopy was used to determine the organization
and fine structure of the gastrodermis of two species of Gyrodactylus. The gastrodermis
consists of a syncytial epithelium characterized by large widely spaced nuclei, two types
of vesicular structures, mitochondria with tubular cristae, Golgi complexes, and scattered
rough endoplasmic reticulum; the luminal surface possesses few widely spaced, branched
lamellae projecting into the intestinal lumen. Organization of the gastrodermis in the
Monogenoidea is discussed; the syncytial gastrodermis is considered to be a possible syn-
apomorphic feature of the Gyrodactylidea.

Two general patterns of nutrition occur within the Monogenoidea (see Halton
& Jennings, 1965). In the subclass Polyonchoinea, member species usually feed
on epidermal tissues and secretions of the host, and species of the subclasses
Polystomatoinea and Oligonchoinea are generally sanguinivorous. These nu-
tritional preferences appear to be related to gastrodermal structure and orga-
nization. In the Polystomatoinea and Oligonchoinea, the gut wall is comprised
of two cell types, one of which is involved in digestion of blood (see Rohde,
1980, for review). In polyonchoinean species investigated to date, the gastro-
dermis comprises a monolayer of cells consisting of a single cell type (Fournier,
1978; Halton & Stranock, 1976; Junchis, 1988). Apparently, the latter organi-
zation of the gastrodermis is symplesiomorphic for the Monogenoidea in that
a similar state also occurs among rhabdocoel turbellarians (Holt & Mettrick,
1975) as well as among some digeneans and aspidobothreans (Dike, 1967;
Hathaway, 1972; Rohde, 1971). The purpose of this paper is to report an
apomorphic state of the gastrodermis within the derived polyonchoinean family
Gyrodactylidae.

MATERIALS AND METHODS

Specimens of Gyrodactylus eucaliae Tkezaki & Hoffman, 1957 and Gyro-
dactylus sp. were collected from the skins of Culaea inconstans (Kirtland) in
Ilinois and Rhinichthys osculus (Girard) in Idaho, respectively. Preparatory
procedures of G. eucaliae for electron microscopy were presented by Kritsky
& Kruidenier (1976). Specimens of Gyrodactylus sp. were fixed at 0°C for 4 h
in a solution of equal parts of 1.5% paraformaldehyde and 1.5% glutaraldehyde
buffered at 7.3 pH with 0.1 M sodium cacodylate. After postfixation in buffered
1% OsO, for 20 min, the worms were washed in distilled water and dehydrated
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FiG. 1. Diagram of the gastrodermal ultrastructure of Gyrodactylus spp. bf, basal fold; bm,
basal matrix; G, Golgi complex; L, lumen; Lf, luminal fold; m, mitochondrion; Mu, muscle; N,
nucleus; Nu, nucleolus; rer, rough endoplasmic reticulum; V,, V,, cytoplasmic vesicles.

through a graded ethanol series. Helminths were embedded from propylene
oxide into Spurr’s epoxy resin modified by substitution of Quetol 651 for DER
736 (all components available through Polysciences, Inc., Warington, Penn-
sylvania); polymerization was at 50-60°C. Thin sections were double-stained
in alcoholic uranyl acetate and lead citrate. Sections were examined with a
Zeiss 900 electron microscope at 80 kV.

REsULTS

In both Gyrodactylus eucaliae and Gyrodactylus sp., the wall of the esoph-
agus and of the intestinal ceca consisted of an uninterrupted syncytial gastro-
dermis resting on a fibrous, 500-600 A-thick basal matrix in which widely
spaced longitudinal and circular muscles, each approximately 1.0 um in di-
ameter, occurred (Figs. 1, 2). Apparently, partitioning of the gastrodermis was
incomplete throughout resulting from deep infoldings of the basal plasmalemma
(Fig. 3). A septate junction joined the epithelial lining of the pharynx to the
gastrodermis in the esophagus (Fig. 4).

The luminal surface was limited by a 70-A unit membrane; scattered lamellae
projected about 0.5 um from the surface into the lumen (Fig. 5). These lamellae
were occasionally branched secondarily, but none were observed to recurve
and rejoin the gastrodermal surface. Evidence of phagocytic activity was not
apparent, although vesicles containing material similar to that contained in the
lumen of the gut were occasionally present within the gastrodermis.



FiG. 2. Gastrodermis of Gyrodactylus eucaliae showing a typical nucleus (N) with enclosed
nucleolus (Nu), heterochromatin (c), and granular nucleoplasm. The cytoplasm is characterized by
rough endoplasmic reticulum (rer), a Golgi complex (G), and two types of cytoplasmic vesicles (V,,
V,). bm, basal matrix; L, intestinal lumen; m, mitochondrion; Mu, muscle. Scale bar represents
1 um.



F1G. 8. Gastrodermis of Gyrodactylus eucaliae showing deep infoldings (bf) of the basal plas-
malemma. Note the small basal muscle (Mu) and a presumed engulfed host cell (HC) in the
intestinal lumen (L). bm, basal matrix. Scale bar represents 1 um.

The gastrodermis was provided with large, spherical to ovate, widely dis-
persed nuclei that extended from near the basal membrane almost to the luminal
surface. Each was provided with a large, spherical nucleolus near its center or
in contact with a typical nucleolemma. A thin layer of heterochromatin occurred
within the finely granular nucleoplasm just beneath the nucleolemma (Fig. 2).

Vesicles, apparently of two types (V, and V,), dominated the contents of the
gastrodermis of both species of Gyrodactylus. The V, vesicle was pyriform to
subspherical, was bounded by an indistinct membrane (70 A thick), and con-
tained electron-dense material in which lighter spherical chambers and small
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FiG. 4. Pharyngeal epithelium (pt) uniting with the gastrodermis (Gd) in the esophagus of

Gyrodactylus eucaliae. Note (inset) that the union is made by a septate junction (sd). L, intestinal
lumen; pl, pharyngeal lumen. Scale bar represents 1 um.

opaque granules, 180 A in diameter, were distributed; the chambers, containing
a finely reticulate material, frequently appeared to release their contents into
the gastrodermal cytoplasm (Figs. 2, 3). Although V, vesicles occurred through-
out the gastrodermis, they tended to be most concentrated near the basal portion;
they were less abundant in specimens with collapsed (starved?) lumens. The
V, vesicle consisted of a membrane-bounded, variably shaped unit with an



Fi1G. 5. Gastrodermis of Gyrodactylus eucaliae. Note cytoplasmic vesicles (V,, V,) and luminal
folds (Lf) and their branching within the lumen (L) of the gut. bm, basal matrix. Scale bar represents
1 um.



FiG. 6. Diagram of the midsagittal section of the pharyngeal area (foregut) in Gyrodactylus
eucaliae (redrawn from Kritsky, 1971). Bt, buccal tube; E, esophagus; Es, esophageal sphincter; M,
mouth; P, pharynx; Pp, prepharynx; S, somatic tegument.

electron-lucent fibrous content that included occasional concentrically arranged
membranes near one pole.

Sparse rough endoplasmic reticulum (RER) with moderately dilated cisternae
occurred predominantly in the basal portion of the syncytium in G. eucaliae
(Fig. 3); RER was more widespread in the gastrodermis of Gyrodactylus sp.
where it also occurred just beneath the luminal surface of the syncytium. Small
Golgi complexes, consisting of 2-5 closely parallel elongate sacs and a series of
lateral vesicles, were generally basal. The lateral sacs of each Golgi contained
a moderately dense substance similar in appearance to the contents of the V,
cytoplasmic vesicle. Rod-shaped mitochondria with tubular cristae occurred in
moderate density near the base and were less dense in other regions of the
gastrodermis (Fig. 2).

DISCUSSION

Bogitsh (1993) subdivided the digestive tract of monogenoideans into foregut
and cecal regions, the latter of which is lined [sic] with gastrodermis. The
ultrastructural organization of the gastrodermis of the Gyrodactylus species is
reflective of its presumed function of digestion. Its luminal surface possesses
lamellae which, although relatively few and widely spaced, apparently increase
surface area for absorption. Within the gastrodermis, mitochondria, Golgi com-



plexes, and RER are present suggesting a secretory function, perhaps, effecting
formation of the V, cytoplasmic vesicles. That the contents of these vesicles
may play a role in digestion, or intrasyncytial use or modification of absorbed
nutrients, is suggested by the apparent release of their contents into the gas-
trodermal cytoplasm.

The syncytial construction of the gut of species of Gyrodactylus apparently
represents a derived state within the Polyonchoinea. A cellular gut is known
within species of the Monocotylidea and Euzetrema (a taxon of uncertain
evolutionary affinity) (see Halton & Stranock, 1976 and Fournier, 1978, re-
spectively). Recently, Kritsky et al. (1993) reported a monolayered cellular gut
in Lagarocotyle salamandrae (Lagarocotylidea), which has a sister-group re-
lationship with the Gyrodactylidea + Dactylogyridea. Although his electron
micrographs are not convincing, Junchis (1988) reported a cellular gut in Tetra-
onchus, a member of the Dactylogyridea; these findings suggest that a syncytial
gut may be a predicted synapomorphy for the Gyrodactylidea based on the
phylogenetic hypothesis for the Monogenoidea offered by Boeger & Kritsky
(1993). Studies on the fine structure of other gyrodactylidean and dactylogyr-
idean taxa will be necessary to determine the importance of this character in
developing evolutionary hypotheses for the Polyonchoinea.

According to Bogitsh (1993), the foregut of flatworms consists of “‘special-
izations” (suckers, increased musculature, secretory cells, sensory structures,
and a pharynx) that aid in ingestion and food processing. Bogitsh (1993) stated
that the lining of the foregut in monogenoideans “is an extension of the general
body covering, demarcated from the gastrodermis by a pronounced junction.”
This generalization, however, does not apply to species of Gyrodactylus, where-
in we also found a septate junction joining the epithelial lining of the pharynx
to the gastrodermis within the esophagus (Fig. 4). In species of Gyrodactylus,
the pharyngeal lining is neither continuous with nor an extension of the somatic
tegument (Fig. 6). Kritsky (1971) reported that in G. eucaliae the region of
the digestive system defined as “foregut” by Bogitsh (1993) consists of a mouth,
a buccal tube, a prepharynx, a glandular and muscular pharynx, and esophageal
glands. The mouth (usually apparent as a small surface indentation) is lined
with the uninterrupted somatic tegument that is joined by a septate junction
to a separate distinctive and continuous visceral epithelium lining the buccal
tube. The prepharynx, pharynx, and anterior esophagus are lined with still
another distinct and confluent visceral epithelium that connects with the in-
ternal boundary of the buccal tube and the gastrodermis within the esophagus
by septate junctions (Kritsky, 1971; nobis). If indeed the lining of the foregut
in other flatworms with digestive systems is a continuum of the somatic teg-
ument, as suggested in Bogitsh’s (1993) review, then the configuration found
in the foregut segments of species of Gyrodactylus is reflective of several derived
and perhaps autapomorphic characteristics for the genus.
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