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Abstract
The nematode Rhabdochona cotti Gustafson, 1949 is redescribed from specimens collected from the intestine of the blue ridge
sculpin Cottus caeruleomentum (a new host record), a recently described fish species, from Little Fishing Creek in Maryland,
USA. The measurements of these specimens, collected in November 2005, are generally smaller than those reported in the orig-
inal description of R. cotti, this being probably associated with the nematode�s seasonal maturation cycle or the different host
species. As revealed by SEM, the deirids of R. cotti are simple (not bifurcate), in which this species differs from almost all North
American congeners. Of these, simple deirids, filamented eggs and a rounded tail tip in females occur only in Rhabdochona long-
leyi, but it distinctly differs from R. cotti in the smaller number of anterior prostomal teeth (6 vs. 14). Rhabdochona rotundi-
caudatum is considered a junior synonym of Rhabdochona cascadilla; numerous specimens of the latter were collected from
Semotilus atromaculatus, Luxilus cornutus and Notropis rubellus from the type locality (Eramosa River, Ontario, Canada)
(unpublished). Rhabdochona paxmani and Rhabdochona salmonis are synonymized with Rhabdochona kisutchi, whereas
Rhabdochona californiensis is considered a junior synonym of R. cascadilla. The need of a taxonomic revision of North
American species of Rhabdochona is stressed.
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Introduction

The nematode genus Rhabdochona Railliet, 1916 includes a
large number of species parasitizing freshwater fishes on all
continents, except for Australia and Antarctica (Moravec
1972a). Rhabdochona spp. have been infrequently described
from marine fishes (Johnston and Mawson 1945, Holloway
and Klewer 1969, Bilqees 1979, Lakshmi and Sudha 1999),
but Campana-Rouget (1955), Moravec (1972a), and Moravec
et al. (2007) believed these nematodes were incorrectly iden-
tified as Rhabdochona and belong to other genera. Moravec
(1983) described R. puylaerti from a snake and suggested it
became infected postcyclically by feeding on the fish defini-
tive host.

In North America (including West Indies), 23 Rhabdo-
chona spp. considered to be valid have been reported to date.
However, six of them are known only from Mexico and Cuba,

whereas 17 species are reported from the USA and Canada
(Byrne 1992a, Maggenti et al. 1992, Hoffman 1999). Mora-
vec and Arai (1971) reviewed North- and Central-American
species of Rhabdochona on the basis of available museum
specimens and those newly collected, but many new North
American species have been discovered and described since,
including seven species and two subspecies in the USA and
Canada (R. kisutchi Margolis, Moravec et McDonald, 1975,
R. catostomi Kayton, Kritsky et Tobias, 1979, R. canadensis
bifilamentosa Moravec et Huffman, 1988, R. kidderi texensis
Moravec et Huffman, 1988, R. longleyi Moravec et Huffman,
1988, R. rotundicaudatum Byrne 1992, R. californiensis Mag-
genti, Abdel-Rahman et Cid del Prado Vera, 1992, R. paxmani
Maggenti, Rahman et Cid del Prado Vera, 1992, R. sal-
monis Maggenti, Abdel-Rahman et Cid del Prado Vera, 1992).
Additionally, one East-Asian species, R. zacconis Yamaguti,
1935, was reported from western Canada (Arai and Mudry
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Fig. 1. Rhabdochona cotti Gustafson, 1949 from Cottus caeruleomentum, USA: A � anterior end of male, lateral view; B � region of vestibule
(stoma) of gravid female, lateral view; C � cephalic end, apical view (reconstructed from SEM micrographs); D-F � fully developed eggs;
G � distal end of left spicule, lateral view; H � tail of gravid female, lateral view; I � caudal end of male with 10 + 9 subventral preanal papil-
lae, lateral view; J � same of male with 8 + 8 subventral preanal papillae, lateral view; K � deirid, lateral view (redrawn from SEM micro-
graph); L and M � tail tip of male and gravid female, respectively, lateral views; N � right spicule, lateral view. Scale bars = 50 µm (A, H,
N); 30 µm (B, D-G, L, M); 6 µm (C); 100 µm (I, J); 2 µm (K)
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1983). However, some taxonomically important features re-
main inadequately described in some species, which prevents
their detailed comparison to other related species. Therefore,
new redescriptions based on both light microscopy (LM) and
scanning electron microscopy (SEM) examinations are high-
ly needed.

In November 2005, many specimens of Rhabdochona
were collected from the intestine of the blue ridge sculpin
Cottus caeruleomentum Kinziger, Raeshy et Neely (Cottidae,
Scorpaeniformes) from a small creek in Maryland, USA. This

fish species has recently been described (Kinziger et al. 2000)
and can be separated from the mottled sculpin Cottus bairdii
Girard genetically, and by a few minor morphological char-
acteristics. Cottus caeruleomentum is distributed in the North
American Atlantic drainages including the Elk, Susquehanna,
Bush, Patapsco, Patuxent, Potomac, Nanticoke, James and
Roanoke (Froese and Pauly 2006). A closer examination of
the recovered nematodes by LM and SEM showed that they
belong to R. cotti Gustafson, 1949, an insufficiently described
parasite of North American sculpins (Cottus spp.). The species
is redescribed herein.

Materials and methods

A total of 52 Cottus caeruleomentum (mean total length 81 ±
11.3, range 48�100 mm) were collected by electrofishing
from Little Fishing Creek, Maryland, USA. Sculpins were
frozen immediately after capture for parasitological examina-
tion in the laboratory. The nematodes recovered were washed
in physiological saline and then fixed in 70% ethanol. In addi-
tion, 3 specimens of Cottus asper (total body length 8�11 cm)
were collected in the Carnation Creek, Vancouver Island,

B.C., Canada on 16 May 1979 and these were subsequently
examined for helminth parasites in the laboratory of the Pa-
cific Biological Station in Nanaimo; only one Rhabdochona
cotti female was found in the largest fish; it was fixed in hot
4% formaldehyde solution. For light microscopical examina-
tion, the nematodes were cleared with glycerine. Drawings
were made with the aid of a Zeiss drawing attachment. Spec-
imens used for SEM were transferred to 4% formaldehyde
solution and then postfixed in 1% osmium tetroxide, dehy-
drated through a graded ethanol series, critical point dried and
sputter-coated with gold; they were examined using a JEOL
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Fig. 2. Rhabdochona cotti Gustafson, 1949 from Cottus caeruleomentum, USA, scanning electron micrographs: A � cephalic end with 
14 anterior teeth (see arrows), apical view; B � cephalic end of another specimen with anterior teeth appearing to be 9 in number, 
2 with outlined 2 peaks, sublateral view; C � cephalic end of the same specimen with clearly visible lateral tooth with two peaks (arrow),
sublateral view; D � deirid, lateral view. Scale bars = 3 µm (A); 5 µm (B, C) and 1 µm (D). Abbreviations: a � amphid, b � cephalic 
papilla
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JSM-6300 scanning electron microscope at an accelerating
voltage of 15 kV. All measurements are in micrometres unless
otherwise stated. The scientific names of fishes follow Froese
and Pauly (2006).

Results

Rhabdochona cotti Gustafson, 1949 (Figs 1 and 2)

Description (based on specimens from C. caeruleomentum):
Medium sized nematodes with almost smooth cuticle. Oral
aperture oval to hexagonal, surrounded by four small subme-
dian cephalic papillae and two lateral amphids. Prostom fun-
nel-shaped, elongate; basal teeth absent. Anterior margin of
prostom armed internally with 14 small, forwardly directed
teeth (3 dorsal, 3 ventral and 4 on each side, latter forming
pairs) (Figs 1C and 2A); sometimes paired teeth fused togeth-
er to form single tooth with two peaks (Fig. 2C). Vestibule of
medium length, straight. Deirids small, simple, with cut dis-
tal end (Figs 1K and 2D), situated near middle of vestibule.
Tail of both sexes conical, with round tip.

Male (10 specimens): Length of body 4.56�6.57 mm,
maximum width 95�122. Prostom 15 long and 12 wide in lat-
eral view. Length of vestibule including prostom 84�96. Mus-
cular oesophagus 177�243 long, maximum width 24�27;
glandular oesophagus 555�795 long, maximum width 45�63;
length ratio of both parts 1:2.4�4.5. Length of vestibule with
prostom and entire oesophagus forms 16�19% of body length.
Nerve ring encircling muscular oesophagus 144�192 from
anterior extremity; deirids and excretory pore at 51�63 and
216�252, respectively. Subventral preanal papillae occurring
in combinations 8 + 8, 8 + 9, 9 + 9 and 9 + 10. Additional lat-
eral pair of preanal papillae present at level of third pairs of
subventrals (counting from cloacal opening). Of 6 postanal
pairs of papillae, second pair lateral, remaining subventral.
Longitudinal ventral cuticular ridges (area rugosa) absent.
Left spicule long, 378�478; its shaft 168�195, representing
37�48% of entire spicule length; distal tip of extruded spicule
pointed. Right spicule 90�114 long, without dorsal barb at dis-
tal tip. Length ratio of spicules 1:3.5�4.6. Tail 207�249 long.

Female (4 gravid specimens with mature eggs): Length of
body 13.99�16.80, maximum width 177�272. Prostom 21
long and 18 wide in lateral view. Length of vestibule includ-
ing prostom 105�129. Muscular oesophagus 231�330 long,
maximum width 33�45; glandular oesophagus 0.86�1.51 mm
long, maximum width 60�90; length ratio of both parts
1:4.1�4.6. Nerve ring, excretory pore and deirids at 195�286,
330�336 and 60�75, respectively. Tail slender, 258�300 long.
Vulva postequatorial, 8.94�9.29 mm from anterior extremity
(at 55�64% of body length). Vagina muscular, directed poste-
riorly from vulva. Mature eggs small, 36�42 × 24�27, oval,
thick-walled, larvated; each pole of egg provided with minute
protuberance and one long (about 130�480), thread-like fila-
ment; rarely two short filaments on one pole.

Hosts: Blue ridge sculpin Cottus caeruleomentum and pri-
ckly sculpin C. asper (both Cottidae, Scorpaeniformes).

Site of infection: Intestine.
Localities: C. caeruleomentum: Little Fishing Creek

(39°32´05½N, 77°28´02½), Maryland, USA (collected 6 No-
vember 2005); C. asper: Carnation Creek, Vancouver Island,
B.C., Canada (collected 16 May 1979).

Prevalence and intensity: C. caeruleomentum: 71% (37
fish infected/52 fish examined); intensity 1�19 (mean 4)
nematodes. C. asper: 1/3; 1.

Deposition of voucher specimens: US National Parasite
Collection, Beltsville, Maryland (Cat. No. USNPC 99128)
and Helminthological Collection of the Institute of Parasi-
tology, Biology Centre of the Academy of Sciences of the
Czech Republic, Èeské Budìjovice (Cat. Nos. N-31/1, N-31/2).

Discussion

Rhabdochona cotti was described by Gustafson (1949) from
the intestine of the slimy sculpin Cottus cognatus Richardson
from the Griffith Springs State Fish Hatchery in Spokane,
Washington, USA, but he mentioned that it also occurred
commonly in the slimy sculpin C. cognatus, the riffle sculpin
C. gulosus (Girard) and the torrent sculpin C. rhotheus
(Smith) of the Little Spokane River and its tributaries. Five
paratypes were reexamined by Moravec and Arai (1971), but
it was impossible to study some morphological details on
these museum specimens. Gustafson (1949) distinguished
R. cotti from other North-American congeneric species
known at that time principally by the presence and character
of egg filaments and a comparatively shorter oesophagus, and
partly by the length of spicules. Moravec and Arai (1971)
found that the rounded tail tip is another feature distinguishing
it from other North American congeners. Rhabdochona cotti
was reported from the slimy sculpin C. cognatus, the prickly
sculpin C. asper Richardson, and the mottled sculpin C. bair-
dii Girard from different localities in Canada and the USA by
Bangham and Adams (1954), Dechtiar (1972), Mudry and
Anderson (1977), Arai and Mudry (1983), Muzzall and Sweet
(1986), Heckmann et al. (1987), and Muzzall and Whelan
(1995). The present finding of R. cotti in C. caeruleomentum
from Maryland represents a new host record and increases the
known distribution of R. cotti in North America.

The morphology of R. cotti specimens from C. caeruleo-
mentum is, more or less, in accordance with the descriptions
of this species given by Gustafson (1949) and Moravec and
Arai (1971). However, the specimens of the present material
are somewhat smaller than those from C. cognatus reported
by the above mentioned authors, which reflects in general
somewhat smaller measurements of different organs (e.g., the
length of the glandular oesophagus), except for the length of
the left spicule and the size of eggs, which may be slightly
larger. These size differences are probably within the intraspe-
cific variability of this species and may be associated with dif-
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ferent host species or, more probably, with different seasons
when the specimens were collected. It has been documented
that some Rhabdochona spp. of the temperate zone exhibit
pronounced seasonal maturation cycles, when the egg-pro-
ducing females occur in the late spring and summer, whereas
only young forms, males, and, rarely, gravid females are found
in their fish hosts during late autumn and winter months
(Moravec 1977, Moravec and Scholz 1995). The present
material was collected in November, but it is not known in
which season Gustafson (1949) collected his specimens. The
differences concerning the length of the left spicule and the
size of eggs are apparently within the intraspecific variabili-
ty of R. cotti.

Gustafson (1949) provided a relatively good description of
R. cotti, but he illustrated only its spicules and gave a schema-
tized ventral view of the male caudal end. He reported 14 ante-
rior and four minute basal teeth in the prostom of this species
and the presence of deirids, but did not mention either the
exact distribution of teeth or the shape of deirids, which are
important taxonomic features in Rhabdochona. However, Mo-
ravec and Arai (1971) did not confirm the presence of basal
teeth in the type specimens studied by them and these were
also absent in R. cotti in the present study. The SEM exami-
nation of R. cotti, used for the first time in this species, showed
that the deirids are simple, not bifurcated as in most Rhabdo-
chona spp. Of the congeneric species occurring in the USA
and Canada, simple deirids are present only in R. longleyi, a
species parasitizing blind ictalurid catfishes in the subter-
ranean waters in Texas, USA, which also has filamented eggs
and a rounded tail tip (Moravec and Huffman 1988). How-
ever, it markedly differs from R. cotti in having only six ante-
rior teeth in the prostom and its egg filaments are of a differ-
ent type.

A rounded tail tip has also been reported by Byrne (1992a)
in his newly established species R. rotundicaudatum. Accord-
ing to him, this species differs from the very similar R. cas-
cadilla Wigdor, 1918, occurring in the same locality, in the
form of the tail tip and the shape and structure of the small
(right) spicule. However, it is apparent that the interspecific
differences concerning the right spicule are negligible (the
shape of this spicule usually depends on its orientation inside
the nematode�s body) and that the shape of the tail tip was
influenced by the procedures used during the collection, fix-
ation and clearing of the specimens.

The rounded tail tip in both sexes is characteristic of some
Rhabdochona spp. (Moravec 1972a), but, as demonstrated ex-
perimentally by Moravec (1972b) for R. ergensi Moravec
1968, the fourth-stage larvae of such species have the tail tip
sharply pointed, which becomes rounded only in adults after
the last moult. Therefore, it is not clear how Byrne (1992b)
could distinguish between the infective fourth-stage larvae of
R. rotundicaudatum and those of R. cascadilla from natural-
ly infected mayfly nymphs.

It is known that even in the Rhabdochona spp. normally
characterized by a sharply pointed tail tip, the tail tip may be

blunt in some, usually old specimens, especially after using
some types of fixation and clearing. Probably this is the case
for R. rotundicaudatum. Moreover, this is supported by the
fact that the senior author (F. Moravec, unpublished data) col-
lected only R. cascadilla from cyprinids in the type locality
of R. rotundicaudatum (the Eramosa River near Guelph) dur-
ing his stay in Guelph in May of 1979. A total of 71 speci-
mens, all with pointed tails, were collected from the creek
chub Semotilus atromaculatus (Mitchill) (35 nematodes in 1
of 2 fish examined), the common shinner Luxilus cornutus
(Mitchill) (in 6 of 11 fish, intensity 1�21), and the rosyface
shinner Notropis rubellus (Agassiz) (in 1 of 13 fish, intensity
1). They were fixed in hot 4% formaldehyde solution. The
first two fish species were reported by Byrne (1992a) as the
hosts of R. rotundicaudatum. Consequently, R. rotundicauda-
tum Byrne, 1992 is considered here a junior synonym of
R. cascadilla.

Rhabdochona cascadilla was the first species of the genus
described in North America, but Wigdor�s (1918) original
description is incomplete and includes some erroneous data
that have already been discussed in the papers by Gustafson
(1949) and Choquette (1951). Wigdor (1918) did not deter-
mine the type host, but his specimens were collected from
Semotilus atromaculatus and �Notropis cayuga� from New
York, USA. According to Choquette (1951), N. cayuga was
represented by two present species, Notropis heterolepis
Eigenmann et Eigenmann and N. bifrenatus (Cope). Since the
type specimens of R. cascadilla no longer exist (Gustafson
1949, Choquette 1951), Gustafson (1949) redescribed this
species based on specimens from S. atromaculatus and
Pimephales notatus (Rafinesque) in Illinois and Choquette
(1951) established the neoholotype and the neoallotype of
R. cascadilla on specimens collected from S. atromaculatus
from the type locality (Cascadilla Creek, a tributary of Lake
Cayuga, New York). However, Byrne (1992a), emphasizing
some differences in the numbers of preanal papillae, ques-
tioned the identification of nematodes by Gustafson (1949) 
as R. cascadilla. In his material from the Eramosa River
(Guelph, Ontario), Byrne (1992a) considered the specimens
from N. cornutus to only be R. cascadilla, whereas those col-
lected from S. atromaculatus (the type host of R. cascadilla)
he identified either as R. rotundicaudatum or an allegedly
undescribed new species, Rhabdochona sp.

However, it is known that the number and the arrangement
of preanal papillae exhibit a high degree of intraspecific vari-
ability in Rhabdochona (see Choquette 1951, Moravec 1972a)
and, therefore, the taxonomic conclusions of Byrne (1992a)
are apparently incorrect. In our opinion, Gustafson (1949) was
fully justified to designate his specimens as R. cascadilla, and
all the Rhabdochona specimens reported by Byrne (1992a, b)
from cyprinids in Canada (Ontario) evidently belonged to this
species.

The validity of some other North American species of
Rhabdochona can also be questioned, including the three
species described by Maggenti et al. (1992) from the same
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host, the rainbow trout Oncorhynchus mykiss (Walbaum), in
California, USA. All three species were described almost 
solely on small biometrical differences from already known spe-
cies, which can be ascribed to both their intraspecific mor-
phological variability and some inaccuracies in observations.
It is apparent that both R. paxmani Maggenti, Abdel-Rahman
et Cid del Prado Vera, 1992 and R. salmonis Maggenti, Abdel-
Rahman et Cid del Prado Vera, 1992 are junior synonyms of
R. kisutchi Margolis, Moravec et McDonald, 1975, whereas
R. californiensis Maggenti, Abdel-Rahman et Cid del Prado
Vera, 1992 is a synonym of R. cascadilla Wigdor, 1918. Rhab-
dochona kisutchi is a specific parasite of salmonids (mainly
Oncorhynchus spp., including O. mykiss) reported from Brit-
ish Columbia, Canada (Margolis et al. 1975, Arai and Mudry
1983), and R. cascadilla is principally a parasite of North 
American cyprinids but is also reported from many fish species
belonging to other families (including Salmonidae) (Hoffman
1999). Salmonids acquire Rhabdochona infections either by
eating the definitive hosts (cyprinids) or by feeding on infect-
ed intermediate hosts (aquatic insects), in which the nematode
larvae may develop up to the adult stages (a precocious devel-
opment) (Gustafson 1942, Moravec 1994, Anderson 2000).
Based on new species of Rhabdochona being described in
North America, the presence of some inaccuracies in their
descriptions, and new information on existing species, a tax-
onomic revision of North American Rhabdochona spp. using
detailed morphological, biological, and genetic studies is
needed.
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