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Ultrastructure and Chaetotaxy of Sensory Receptors in the
Cercaria of a Species of Allopodocotyle Pritchard, 1966
(Digenea: Opecoelidae)

T Bogéa™, JN Caira

Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs,
Connecticut 06269-3043, USA

Previous investigations of sensory systems in opecoelid cercariae have focused on chaetotaxy anc
ultrastructure of sensory receptors. They revealed chaetotaxic patterns within family, genus, and species
as well as different receptors. Chaetotaxic and ultrastructural observations have rarely been combined.
We investigated the ultrastructure of cercarial sensory receptors in conjunction with chaetotaxy and
neuromorphology in a speciesAifopodocotyle Cercariae were treated with acetylthiocholine iodide
and silver nitrate, and some were processed for light, scanning (SEM), and transmission (TEM) electron
microscopy. Five nerve regions were distinguished. Chaetotaxy was consistent with that of other opecoelids
Five types of receptors were distinguished with SEM. Types differed in number of cilium-like structures
(one or more), length of cilium-like structure (short, moderately long, or long), presence or absence of a
tegumentary collar, and length of tegumentary collar (low, moderately low, or very high). Internal ultra-
structure of some types revealed unsheathed cilium-like structures, basal body, and thickened nerve col
lars. Possible subtegumentary and sheathed receptors are introduced. Some receptor types were site
specific. For example, receptors with multiple cilium-like structures were concentrated on cephalic region
whereas receptors with short cilium-like structure were widespread throughout most regions. Ultrastruc-
ture and site-specificity observations suggest that most receptors are mechanoreceptors.
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The ultrastructure of cercarial sensory rece@Bayssade-Dufour & Maillard 1974). Based on their
tors has been investigated previously in severabservations, Bayssade-Dufour (1979) established
species of the family Opecoelidae. Using electrothe arrangement of cephalic circle Cl as diagnos-
microscopy, Gibson (1974), Lo et al. (1975), andic for the family Opecoelidae.

Kgie (1981) recognized several types of receptors In the present study, we aimed to extend the
on the tegument of cercariaeRufdocotyle staffordi use of a combination of techniques to the study of
Miller, 1941,Allopodocotyle lepomi@obrovolny, a species in the genddlopodocotylePritchard,
1939), andPodocotyle reflexgCreplin, 1825) 1966. Thus, the ultrastructure of sensory recep-
Odhner, 1905, respectivelylhese types differed tors in the cercaria dkllopodocotylesp. was in-

in the presence or absence of a tegumentary sheatbstigated in conjunction with their distribution on
a tegumentary collar, and a discoid base, as wétle tegument and their position relative to the nerve
as in number of cilia, cilium length, and length ofnetwork by examination with the acetylthiocholine
tegumentary collar. method for cholinesterase, silver nitrate impreg-

Several authors have studied the chaetotaxy nhtion, and scanning (SEM) and transmission
opecoelids (Richard 1971, Lambert 1972(TEM) electron microscopy, as suggested by Bogéa

(1998, 1999).

MATERIALS AND METHODS

Specimen collection and identification Bot-
; _ tom sediment was collected with the aid of dip nets
Corresponding author. Supported by doctoral scholagnd sieved through 0.25” mesh aluminum screen-
ships of Conselho Nacional de Desenvolvimentgng A total of 62 individuals of the snallga
niversiy of Commactcut, Prosent adross: Departamergliciiera (Lea, 1838) (Gastropodat Pleuroceridae),
de Medicina Tropicali, Instituto OsWaIdo Cruz, ith sh'ell lengths of approximately 2 cm, was COIT
Av. Brasil 4365, 21045-900 Rio de Janeiro, RJ, BrasileCted in Eagle Creek, Estacada, Oregon, USA, in
Fax: +55-21-280.3740. E-mail: tbogea@ioc.fiocruz.br September 1997 by K Tiekotter. The snails were
Received 5 April 2000 transported to the laboratory in vials containing pond
Accepted 27 October 2000 water and then shipped overnight to the authors.
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In the laboratory, the infected snails were idenas described by Bogéa (1999).
tified and individually isolated in glass vials with  Scanning electron microscop¥ifty cercariae
5 ml of pond water. They were then exposed twere fixed in a cold solution of 1.5% glutaralde-
artificial light (60 watts) and temperature (approxihyde/1.5% formaldehyde in 0.1 M cacodylate
mately 30C for up to 1 h) every two days for up buffer, postfixed in cold aqueous solution of 1%
to two weeks to induce cercarial emergence.  osmium tetroxide, dehydrated in a graded series

Twenty cercariae were collected with fine glasef ethanol, and air-dried in hexamethyldisilazane
pipettes and processed as whole mounts. ThéVed Pella Inc., Redding, California), mounted on
were fixed in hot 5% buffered formalin phosphatealuminum stubs, sputter-coated with approximately
hydrated through a graded ethanol series, staingé80A of gold/palladium, and examined using a
with Semichon’s acetocarmine, dehydrated in heo/Zeiss DSM982 Gemini field emission scan-
graded ethanol series, cleared in methyl salicylataing electron microscope.
and mounted in Canada balsam on glass slides. The external ultrastructure of each sensory re-
lllustrations of each specimen showed its generakptor type was characterized based on characters
morphology with the aid of a drawing tube. Taxopreviously established in the literature. The types
nomic identifications followed descriptioris  were distinguished in at least 10 different speci-
Mclintosh (1939), Shaw (1947), Pritchard (1966)mens based on number of cilium-like structures,
Gibson and Bray (1982), and Bray (1987). Théength of cilium-like structure, width of cilium-like
present taxon was referred to as ‘sp.’ because cstructure, presence or absence of a tegumentary
cariae were not reared out through second intecollar, length of tegumentary collar, and width of
mediate and definitive hosts and thus specific ideregumentary collar. All measurements are in mi-
tification was not confirmed. Voucher specimengrometers. Means were given followed by stan-
of the cercaria have been deposited in the Instituttard deviations and number of structures measured.
Oswaldo Cruz Helminthological Collection  Due to their intrinsic properties, cercarial tegu-
(CHIOC), Rio de Janeiro, Brazil, No. 34290 a-b. ments are able to contract extensively during speci-
: : men preparation. Thus, the measurements of length
Specimen preparation and study of tegumentary collar and width of tegumentary

Acetylthiocholine method for cholinesterase g .
Twenty cercariae were fixed in cold 4% paraform-conar were statistically compared among the dif-

aldehyde in phosphate buffer, incubated iﬁerent types of sensory receptors by the Kruskal-

; R . : Wallis One-Way Analysis of Variance by Ranks
acetylthiocholine iodide substrate, rinsed in a so- oY
Iutio% of sodium sulfate, washed thoroughly in disdt 2 level of significance of 5% and the Method of

tilled water, and developeq with 3% silver nitrate;;fI lélt;lr;[[eel(llac;lml%fglgs)ons between Treatments (Siegel
They were then treated with Bodian’s developer, For identification purposes, each type of sen-

fixed in a solution of 1.5% glutaraldehyde/1.5% . ;
formaldehyde in 0.1 M cacodylate buffer, Olehysory receptor was designated with a letter code as

; : =~ Tollows. The first letter indicates the number of
drated in a graded series of ethanol, cleared in M&lium-like structures and is either ‘U’ (for one

thyl salicylate, and mounted in Canada balsam g ructure) or ‘M’ (for multiple structures). This is

glass slides (Thompson 1966). Controls consistq llowed by a Roman numeral, which indicates the

of pre-incubation of 20 specimens in 1 X6 receptor type designation, and the letter ‘A’ corre-
eserine sulphate in phosphate buffer. lllustratio onding toAllopodocotyle

of each specimen recorded the basic arrangeme Urransmission electron microscopyifty cer-

of the nerve network with the aid of a drawing t“becariae were fixed in a cold solution of 1.5% glut-

A single illustration summarizing the arrangementgramehyde/l_5% formaldehyde/1% acrolein in 0.1

seen in all cercariae represented a map of the baﬂccacodylate buffer, rinsed in 0.1 M cacodylate

nerve network for the species. Nerve commissulr%%ﬁer, postfixed in 1% osmium tetroxide in 0.1 M
and cords were named according to the lettering, .o qyiate buffer, washed in cold distilled water,
system proposed by Richard (1971) and Bayssadgshydrated in a graded series of ethanol, and em-
Dufour et al. (1993). . _ bedded in 100% LRWhite resin (Polysciences Inc.,
Silver nitrate impregnation Approximately \yarrington, Pennsylvania). Gold serial sections
100 cercariae were fixed in cold 3% silver nitratg,om at least 10 specimens were cut using a LKB
solution, exposed to an artificial source of ultrayjtratome 111 microtome with a diamond knife,
violet Ilght., rinsed in cold .dIStI”ed water, a_md mounted on uncoated copper grids, stained with
mounted in Hoyer’s medium on glass slide$o, yranyl acetate and 2.5% lead citrate, and ex-
(Combes et al. 1976). lllustrations recorded thgmined using a Phillips transmission electron mi-
distribution of sensory receptors on the cercarigloscope model 300. The internal ultrastructure

tegument of each specimen with the aid of a drawss 5 subset of receptor types was characterized
ing tube. The chaetotaxic pattern was determingghsed on Lyons (1969).
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RESULTS the tail, two longitudinal nerve cords, one along

Nerve network -The basic arrangement of the®2ch Of the lateral margins of the tail, were ob-
nerve network is presented in Figs 1 and 2. The¥'ved. They branched into transverse commis-
nervous system consisted of a large ramified cer&!res and fine ramifications.
bral ganglion (G) located above the level of the Basic chaetotaxy The basic chaetotaxy was

pharynx and three pairs of lateral (L), dorsal (D)éXa@mined in 96 of 100 cercariaeAdfopodocotyle

and ventral (V) longitudinal nerve cords, which exSP- The cephalic, anterior, ventral sucker, poste-

tended anteriorly and posteriorly from the cerebrdf®!» and caudal nerve regions were schematically
ganglion. Four CephaIiC (Cl, C”, Cl”, and C|V), subdivided into 34 chaetotaxic sites. ApprOXI-

three anterior (Al, All, and Alll), and three poste-mately. 172 sensory receptors were found on the
rior (P1, PII, and PIll) transverse commissures werg€rcarial tequment aillopodocotylesp.

identified. Some of these commissures (Al, All, Extérnal ultrastructure Based on gross mor-
and PI) were incomplete and did not surround the10!0gy seen with SEM, five types of sensory re-

cercaria entirely. Fine connections branching frorf€Ptors were identified in 10 of 50 cercariae of
the ventral longitudinal nerve cords to the oral ang/loPodocotylesp. (Table I; Figs 3-7). The types

ventral suckers were observed. A distinctive rin/€€ recognized as follows: receptors with a very
(S) was observed on the ventral sucker. A comigh tegumentary collar and a short cilium-like
plex nerve network was observed on the dors§ffucture (type UIA; Fig. 3), a moderately low tegu-
surface of the tail (U). On the ventral surface offéntary collar and a short cilium-like structure

1 2

Arrangement of major transverse commissures and nerve cords in cer@dt@otlocotylesp. as seen with acetylthiocholine
method for cholinesterase - Fig. 1: body and tail, dorsal view. Fig. 2: body and tail, ventral view. Al, All, Alll:ranterio

transverse commissures; Cl, Cll, Clll, CIV: cephalic transverse commissures; D: dorsal nerve cord; G: cerebral ganglion; L:
lateral nerve cord; P: pharynx; PI, PIl, PlIl: posterior transverse commissures; S: ventral sucker nerve region; U: caudal nerv

cord; V: ventral nerve cord
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TABLE |
Types of sensory receptors in cercaridbbpodocotylesp. as seen with scanning electron microscopy.

Measurements are in micrometers and include mean followed by standard deviation and number of

receptors measured

Type CN CL n Ccw n TCL TCW

UIA 1 1.30+0.43 06 0.30 £ 0.16 06 0.96 £ 0.22 06 0.90 £0.21
UIIA 1 1.00 + 0.40 12 0.22 £ 0.06 12 0.30£0.15 18 0.80 £0.33
UIIA 1 1.16 £ 0.27 04 0.51 £0.15 04 a. -

MIA 4 2.80 £ 0.57 07 0.16 £ 0.01 07 0.18 £ 0.06 07 0.85+0.17
MIIA 7 1.90 £ 0.51 06 0.14 + 0.06 07 1.20 £ 0.55 08 0.67+£0.21

a: with no tegumentary collar; CN: number of cilium-like structures; n: number of receptors measured; CL: length
of cilium-like structure; CW: width of cilium-like structure; TCL: length of tegumentary collar; TCW: width of
tegumentary collar; UIA: receptor with a very high tegumentary collar and a short cilium-like structure; UIIA:
receptor with a moderately low tegumentary collar and a short cilium-like structure; UlIIA: receptor with no
tegumentary collar and a short, wide, and stiff structure; MIA: receptor with a low tegumentary collar and four
moderately long and long cilium-like structures; MIIA: receptor with a very high tegumentary collar and seven
moderately long and long cilium-like structures

06
18

07
09

Scanning electron micrographs of types of sensory receptors in cercatiapafdocotylesp. Fig. 3: type UIA. Fig. 4: type
UlIA. Fig. 5: type UIlIA. Fig. 6: type MIA. Fig. 7: type MIIA. Codes (UIA-MIIA) refer to sensory receptor types shown in

Table I.
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(type UlIA; Fig. 4), no tegumentary collar and a TABLE Il

ShOI‘t, Wide, and stiff structure with a pore on its Morph0|0gica| differences among types of sensory
tip (type UIIIA; Fig. 5), a low tegumentary collar receptors in cercaria @filopodocotylesp. as indicated
and four moderately long and long cilium-like py Kruskal-Wallis One-Way Analysis of Variance and
structures (type MIA; Fig. 6), and a very high tegu- the Method of Multiple Comparisons between treat-
mentary collar and seven moderately long and longyents. Table shows the critical z-values estimated for

cilium-like structures (type MIIA; Fig. 7). all individual pairs of comparisons
The results of the statistical analyses validated— -

the morphological differences in length of teguFairs of comparisons TCL TCWP

mentary collar among the types of sensory recefrypes UIA X UIIA 13.14 13.49

tors in the cercaria oAllopodocotylesp. Thus, Types uIA X MIA 16.28 16.69

these analyses confirmed that types UIA and MIIA—ypes UIA X MIIA 15.69 15.61

exhibited significantly higher tegumentary collars;rypes UIIA X MIA 14.40 14.74

than types UIIA and MIA (Table II). ' '
Types UIIA X MIIA 13.7F 13.49

Internal ultrastructure The internal ultrastruc- T MIA X MIIA 1675 1
ture of type UIIA was investigated (Fig. 8). The'YP®S 6. 6.69

short cilium-like structure projecting from a tegu-: Kw= 32.16:b: KW= 2.70:c: significant at p < 0.05;
mentary collar of approximately 0.4 pm long wasrcL: length of tegumentary collar; TCW: width of
found to lack a sheath. A basal body was observedgumentary collar; UIA: receptor with a very high
Type UIIA exhibited thickened nerve collars.  tegumentary collar and a short cilium-like structure;

A type of sensory receptor not observed withullA: receptor with a moderately low tegumentary collar
SEM was described when this cercaria was studnd a short cilium-like structure; MIA: receptor with a
ied with TEM (Fig. 8). This receptor was locatedow tegumentary collar and four moderately long and
on the cephalic region. It had a sensory bulb aleng cilium-like structures; MIIA: receptor with a very
tached to the tegument with septate extracelluldfgh tegumentary collar and seven moderately long and
junctional complexes, two pairs of thickened nervéong cilium-like structures

o~

Transmission electron micrograph of sensory receptors in cercaklilbpbdocotylesp. Fig. 8: type UIIA. A subtegumentary
sensory receptor is shown on the right. Bar= 0.5 pm. BB: basal body; C: cilium-like structure; COL: thickening of nerve colla
JC: extracellular junctional complex; MT: microtubules; TC: tegumentary collar; R: ciliary rootlet. Code (UIIA) refers to
sensory receptor type shown in Table I.
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collars, a closed basal body, and a distinctive bfiple cilium-like structures and a low (type MIA)
furcated ciliary rootlet. No cilium-like structure or a very high tequmentary collar (type MIIA) were
was observed in this type of receptor. mostly found on the ventral surface of the cepha-

In addition, a complex structure also not oblic region (Fig. 12).
served with SEM was detected with TEM on the
cercaria ofAllopodocotylesp. (Fig. 9). This struc-
ture was located on the ventral surface of the ceph A
lic region. It was approximately 2.6 pm long anc i
had many microtubules enclosed in a single enw
lope. The envelope was covered by a thick teg
mentary sheath that exhibited electron-dense e
tensions throughout its external surface.

Chaetotaxic and site-specific patternsFol-
lowing superimposition of the chaetotaxic may
generated from silver nitrate impregnation on th
respective nerve network map obtained with th
acetylthiocholine method for cholinesterase
groups of sensory receptors were associated wi
the cephalic, anterior, ventral sucker, posterior, ar
caudal nerve regions. In general, receptors we
found to be concentrated in the cephalic region (7
of 172, or 45.4%) (Figs 10-13).

SEM confirmed the chaetotaxic pattern detecte
with silver nitrate impregnation in the cercaria of
Allopodocotylesp. This pattern is illustrated in Figs
10-13 and the chaetotaxic nomenclature is sun
marized as follows:

Cephalic region (number of receptors on eac
side of the cercaria): Cl= 1 £I5 Cl;, 1 Ck; Cll=
1 Cll,, 2 Cll,, 1 Cllg; Cli= 3 Clll,, 2 Clll;, 16-18
Clllg; CIV=2 CIV,, 1 CIV,, 3 CIV;,

Anterior region (number of receptors/side of
the cercaria): Al= 2 AlV, 1-2 AlL, 2 AID; All=2
AllV, 1-2 AlIL, 3 AlID; Alll=3 AlllV, L AllIL, 3
AllID.

Posterior region (number of receptors/side ¢
the cercaria): PI=2 PIV, 1 PIL, 1 PID; PlI= 1 PIIL,
3 PIID; PllI= 3 PIIIV, 1 PIIIL, 1 PHID.

Ventral sucker region (total number of recep
tors): S=1-2 Sl, 6 Sll, 6 Slll.

Caudal region: U= 6 UD, 4 U DL. :

The distribution of the five types of sensory%

receptors for the cephalic, anterior, acetabula ,
posterior, and caudal regions is summarized in Fic =
10-13. Sensory receptors with a very high tegt
mentary collar and a short cilium-like structure_
(type UIA) were mainly observed ventrally aroun
the oral opening (Fig. 12). Type UIIA, with ai
moderately low tegumentary collar and a shortci
lium-like structure, was found widespread through =%
out the cercarial body (Fig. 11). Three pairs o 9
receptor type UIIIA, with no tegumentary collar ¥ Al SRR
fr’md_a short, thick, and stiff structure with a pore O'Pransmission electron micrograph of a possible sheathed sen-
its tip, were observed dorso-laterally each on thgyy receptor in cercaria Aflopodocotylesp. Fig. 9: sheathed
cephalic, anterior, and posterior regions of the cestructure. Bar= 0.5 um. MT: microtubules; TS: tegumentary
caria (Figs 11-12). Sensory receptors with mufheath
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1Cli5 2Cuy

A =type UIA
O =type UIA
@ = type UIIA
& = type MIA
0=type MIIA
® = only observed with light microscopy

Sensory receptors in cercariaAfopodocotylesp. identified using acetylthiocholine method for cholinesterase, silver nitrate
impregnation, and scanning electron microscopy. ldentification of sensory receptors associated with transverse commissures of
each nerve region is shown. C, A, S, P, and U refer to sensory receptors located in cephalic, anterior, ventral suoker, poster
and caudal nerve regions, respectively. Fig. 10: sensory receptors associated with ventral sucker (S) region, veRimal view.

11: sensory receptors associated with anterior (Al, All, and Alll) and posterior (PI, Pll, and PIIl) transverse commassiaks, |

view. Fig. 12: sensory receptors associated with cephalic transverse commissures Cl, Cll, ClIl, and CIV, anteroventral view.
Fig. 13: sensory receptors associated with caudal (U) nerve cords, dorsal and ventral views. D: dorsal surface; v: ventral
surface. Symbols refer to sensory receptor types shown in Table I. Black dots indicate sensory receptors only observed with
light microscopy.
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DISCUSSION curred in specific areas: three pairs were found,

SEM observations suggest that there are fivaach one on the cephalic, anterior, and posterior

basic types of sensory receptors in the cercaria (910ns of the cercarial body. Sensory receptors

Allopodocotylesp. (Table I: Figs 3-7). Theset edwith multiple ciIium'—Iike structures and a low (type
P y'sh ( g ) s MIA), or a very high (type MIIA) tegumentary
of cilium-like structures, as well as short, modercollar were found only on the ventral surface of

ately long, or long cilium-like structures, and anw,the cephalic region. These results are consistent

a moderately low, or a very high tegumentary col?ith that of Kaie (1981), who observed site-speci-
lar. ficity in some types of sensory receptors found in

Some of the five sensory receptor types detectd® Cﬁfcf’v‘“a OPI' r?ﬂexa .
in the cercaria oAllopodocotylesp. are similarto 1N intérnal ultrastructure of type UlIA was
types previously described in other opecoelid ceftudied in the cercaria Aflopodocotylesp. Ithad
cariae. For example, the short ciliated papillag short, unsheathed cilium-like structure, a basal

detected irA. lepomisby Lo et al. (1975) and type 20dy, and thickened nerve collars (Fig. 8). Short
1 found inPodocotyle reflexay Kaie (1981) cor- uniciliated receptors consistent with type UIIA of

respond well to type UIIA ofllopodocotylesp. Allopodocotylesp. examined here with TEM have
:been investigated previously in other cercariae. For

These receptors exhibit a short cilium of approxi= . :
mately 1 um long surrounded by a moderately logX@mPple, Gibson (1974) examined these receptors
cercariae oP. staffordiand found that they ex-

tegumentary collar. It is possible that Kgie's t L . ;
g y P yp ibit an unsheathed cilium emerging from the sen-

3, described as a pit with a tuft of up to 12 cilia oSory bulb, a closed basal body. thickened nerve

2-8 um long, corresponds to type MIA of -
Allopodocotylesp. However, because Kgie (1981f0llars, and many electron-dense vesicles of ap-
roximately 90 nm. This morphology resembles

provided a written description of this type, this asph f th Il [
sumption remains to be confirmed. Further inveghat of the receptors atllopodocotylesp., sug-

tigations are necessary to determine whether tiSting that the internal ultrastructure of short
remaining four types of receptors found in the cefNiciliated receptors may be similar among differ-
caria ofAllopodocotylesp. also occur in other spe- €Nt SPecies of opecoelid cercariae.
cies of opecoelid cercariae. qutegymentary sensory receptors havc_a' b_een
Some cercarial sensory receptor types observ@§Scriped in platyhelminths, such as amphilinids
in Allopodocotylesp. resemble those described iftd a@spidogastreans (Rohde & Garlick 1985,
cercariae of other families. In the familyRohde etal. 1986, Rohde 1990). In general, these
Coitocaecidae, the cotylomicrocercous cercaria §FCEPIOrs are characterized by their position in the
Nicolla gallica (Dollfus, 1941) Dollfus, 1958 was tegument, lack of cilia, possession of a distinctive

found to exhibit long, uniciliated sensory recep€iliary rootlet, as well as many small electron-lu-
tors with a low tegumentary collar (Pariselle gcentvesicles dispersed throughout the sensory bulb.

Matricon-Gondran 1985). Multiple villi were seen Th€Y may act as proprioceptors and are probably
extending from the tegumentary collar and sur2€nsitive to changes in pressure on the body sur-
rounding this cilium. According to the authors, @€ and/or within the body (Rohde & Garlick
these villi probably function as real “stereocilia”. 1989)- TEM suggested that the subtegumentary
In the present study, ultrastructural investigationS€NSOry receptor dllopodocotylesp. examined
revealed two types of receptors with multiple ci\16ré shares several features with these receptors,
lium-like structures (types MIA and MIIA), both such as no cilium emerging through the tegument,
of which possessed a tegumentary collar, but rfySensory bulb attached to the tegument by septate
villi. This may indicate that the sensory receptori/nctional complexes, thickened nerve collars, a

found in Allopodocotylesp. and those seen M closed basal body, and a bifurcated ciliary rootlet
gallica function diﬁerently: (Fig. 8). It may therefore function as a proprio-

Several types of sensory receptors seen in tif&PLOr- . gi |
cercaria ofAllopodocotylesp. were site-specific __Comparative studies on sensory receptor ultra-

(Figs 10-13). For example, type UIA (with a Verystructure are useful in further elucidating the sen-

high tegumentary collar and a short cilium-likeSOTY modalities with which the receptors are asso-

structure) occurred mainly on the cephalic regiorF.'ated- The internal ultrastructure of type UIIA

Type UIIA (with a moderately low tegumentaryrevealed an unsheathed cilium-like structure
collar and a short cilium-like structure) was found Nurm 1968) as well as a basal body. This sug-

widespread throughout the cercarial body. Typgests that the transduction mechanism may be simi-
UIIIA, with no tegumentary collar and a short,'ar to that of mechanoreceptors of other inverte-

wide, and stiff structure with a pore on its tip, ocPrates (Thurm 1968, Lyons 1969). Other ultra-

structural characters provide useful information.
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For example, the very high tegumentary collar 0of1971). Lambert (1972) described the cercarial
type UIA would seem to restrict cilium movementchaetotaxy of opecoeli®@haerostoma maiasd
more than the moderately low tegumentary colla€ercaria micrurg and Bayssade-Dufour and
of type UIIA. It seems that, given the differenceMaillard (1974) examined the chaetotaxy in
in tegumentary collar height, the former might beCainocreadium labracisAlthough the chaetotaxic
subjected to higher mechanical stimuli than thenaps were different for each species, the arrange-
latter. On the other hand, the low tegumentarghent of cephalic circle CI (1 CIV, 4-5 CIL, 1 CID)
collar of type MIA might allow moderately long was similar among all species. Thus, Bayssade-
and long cilia to respond more promptly to lowDufour (1979) identified the chaetotaxic arrange-
mechanical stimuli such as those elicited by watenent of this circle as a diagnostic character for the
currents. family Opecoelidae. Based on the chaetotaxic no-
The mechanoreception of sensory receptors ifenclature of Bayssade-Dufour et al. (1993), the
the cercaria ofllopodocotylesp. should be con- cercaria ofAllopodocotylesp. was found to share

sidered in ConjUnCtion with the transmission of thl% similar arrangement of Cepha“c circle ClI (_’E,C|
parasite to the second intermediate host. Th§§c|4, 1 Ck) with these species.

cotylomicrocercous cercaria crawls with the aid of  The arrangement of the cholinergic nerve net-
both suckers to find a host, eventually attaching t§ork is shown here for the cercaria of
the substratum with its glandular tail and then Waga|lopodocotylesp. for the first time. Cholinergic
ging the anterior end of its body back and forth s mponents were demonstrated in the cerebral
until a suitable host is contacted (Hunninen & Cablganglion, nerve cords, and transverse commissures.
1943, Lo et al. 1975, Kgie 1981). Due to its biolgine connections branching from the ventral nerve
ogy, sensory receptors with long cilia might b&,4s 0 the ventral sucker suggest that the lateral
expected to be concentrated around the anterior eagdi\ e cords innervate the sensory receptors found
.Of the body anq not on the dorsal/surface, as Seflthis region. Five nerve regions were clearly iden-
in free-swimming cercariae (Bogéa 1998, BOG€giaq  similar arrangements had been previously
& Caira 2001). In fact, types MIA and MIIA, with determined by Nezlin et al. (1992) for the cholin-

their moderately long and long cilium-like Struc'ergic nerve networks of the cercariRafdocotyle

tures, were found around the oral opening at t -
anterior end of the body, suggesting that these ?Sﬁomon(Rudolphh 1802) Odhner, 1905, the only

ceptors may respond to water currents. Th ther opecoeliq species i.n Which nerve networks
cotylomicrocercous cercariae of opecoeli%is fad been examined. In this species, however, three
lepomisandP. reflexa which exhibit similar bi- cephalic trelmsverse COMMISSures aﬂd two caudal
ologies, also have long uniciliated sensory rece Qng|§ud!na cords were qbserved. The present re-
tors around the oral opening (Lo et al. 1975, Kgi ults mdlcate that the basic arrangement of the (;ho-
1981). inergic nerve network may vary among cercariae

A large sheathed structure was also detected % different §DECi¢S O.f opecoelids.
the cercaria oRllopodocotylesp. It was found on Recent investigations have demonstrated that

the ventral surface of the cephalic region and {§ercarial nervous systems are far more complex

characterized by the possession of microtubuld8an originally presumed (Halton et al. 1997).
surrounded by a long, thick, and stiff ornamente§ €Ptidergic and cholinergic elements seem to co-
tegumentary sheath (Fig. 9). Its internal ultrastruc@CCUr in the neurons, whereas serotonergic com-
ture resembles that of the sensory bristles describB@nents are located in different sets of neurons.
in insects and arachnids. In these bristles, the deR2€ demonstration of cholinergic components in
dritic processes of the sensory receptor are enclosé§ cercarial nervous systemAdfopodocotylesp.
in a cuticular sheath. Such processes are connecftpuld encourage future investigations on its
to the sheath by means of a ciliary structure. THeeptidergic and serotonergic components.
sensory bristles serve a double function of ACKNOWLEDGEMENTS
mechano- and chemoreception (Bareth &
et WpEAL ST FUIT INESORons gt i s i e
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chaetotaxic arrangements in cercariae of opecoelidgurse of this study. To Dr Carl Schaefer for critically
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