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UL TRASTRUCTURE OF THE PSEUDOPHYLLIDEAN CESTODE 
BOTHRIOCEPHALUS ACHEILOGNATHI, PARASITE OF 
FRESHWATER FISH OF COMMERCIAL IMPORTANCE 

RESUMEN 
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La ultraestructura del céstodo Bot/irioceplialus aclteilognatlii (Ya maguti,1934) ha 
sido estudiada po r microscopía electrónica de barriJ o (SEM) y principa lme nte 
po r microscopía e lectrónica de transmisión (TD1) . Este parásito se aisló de car­
pas herbívoras ( Ctenopharyngodon idellus) provenien tes de estanques y presas de 
dos estados de México (Quéretaro e Hidalgo). 

Los adultos de B. acheilognatlii med ían entre 3.5 y 13.5 cm de largo y 0.36 a 
1.44 mm de ancho. Este céstodo presenta tres tipos de microtricos. El prime ro 
corresponde a estructuras largas y delgadas; el segundo es corto y ancho, y el 
tercero se observa exclusivame nte al fondo de los bo trios y es más largo y del­
gado que el prime r tipo. 

En la supe rficie del tegumento se encue ntran los cilios sensoriales. Estos 
ó rga nos están distribuidos e n el escólex y estróbilo de l céstodo. Los cilios senso­
riales nunca sobresale n po r arriba de los microtricos que los rodean. El bulbo 
está conectado al citoplasma distal por medio de desmosomas septados y un 
solo collar electrodenso. Otras estructuras del tegu mento son los túmulos en 
forma de domo, localizados exclusivame nte en el escólex y conteniendo inclu­
siones teñidas d ensamente .Son estructuras de descarga que se o riginan en las 
glándulas unicelulares del citoplasma pe rinuclear. 

En la región perinuclear abaj o de la membrana basal, existen fibras muscu­
lares lisas que presentan dos orientaciones. Entre la zona muscular y el cito­
plasma perinuclear hay una zona intermedia claramen te observable en el 
escólex y me nos definida pero presente en los proglótidos. Esta zona presenta 
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projecciones citoplásmicas, que contienen cuerpos rabdiformes mitocondrias y 
abundantes gránulos de glicógeno. El estado de los aparatos de Golgi indica 
células sintetizando proteínas activamente. 

En la regió n del citoplasma perinuclear, además de las glándulas unicelu­
lares y las células secretoras de mucus, los órganos principales son: glándulas 
vitelógenas, sistema protonefridial, gónadas y sus estructuras accesorias. Tam­
bién se observan formas de almacenamiento ricas en materiales de reser.1a. 

Palabras clave: Ultraestructura céstodo, Bothriocephalus, peces dulceacuícolas, 
ciprínidos. 

ABSTRACT 

The ultrastructural morphology of the cestode Bothriocephalus acheilognathi 
(Yamaguti, 1934) has been studied by SEM (scanning electron microscopy)and 
principally by TD1 (transmission electron microscopy). This parasite was iso­
lated from the grass carp Ctenopharyngodon idellus from fresh water ponds and 
water locks in two states of Mexico (Querélaro and Hidalgo). 

Adult B. acheilognathi ranged from 3.5 lo 13.5 cm long and 0.36 to 1.44 mm 
wide. This cestode presenlS three types of microtriches: the first typc corre­
sponds to a large and thin structure, the second type is short and wide, bolh 
types are found on Lhe scolex and the strobila. T he Lhird type is observed exclus­
ively at the bottom of the bothria and is larger and thinner than the first type. 

Sensilla are located at the tegument surface. These sensitive organs are dis­
tributed on the scolex and strobila; their cilia never protrude higher than the 
surrounding microtriches. The bulb of the sensilla is connected lo the dystal cy­
toplasm by septate desmosomes and a single e lectodense collar. Other struc­
tures of the tegument are the dome-shaped tumuli, present exclusively on the 
scolex and containing dense staining inclusions. They are discharging struc­
tures originated at the unicellular glands of the perinuclear cytoplasm. 

Muscle bundles are present in the perinuclear region, below the basal 
membrane. These smooth muscle fibers present two orientations. Between the 
muscular zone and the perinuclear cytoplasm there is an intermediate zone 
clearly observable at the scolex and less defined but present at the proglottids. 
This zone is packed with cytoplasmic projections, which comain rabdiform bodies, 
mithocondria and abundant glycogen . The Golgi bodies indicate a cell actively 
secreting proteins. 

In the region of the perinuclear cytoplasm, in addition to the unicellular 
glands and the mucous secretory cells, the main organs are vitellogenic glands, 
protone phridial system, gonads and their accesory structures. Storage struc­
tures rich in reserve matcrials are also obscrvcd. 

Key words: Cestode u ltrastructure , Bothrioctj,halus, freshwater fish, cyprinids. 
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INTRODUCTION 

The present work is part of a general study on the life cycle and morpho logy of 
the cestode Bothriocephalus acheilognathi. Sorne previous ultrastructural studies 
(Grana th et al., 1983; Pool, 1984) have been made for the genus Bothriocephalus. 
We considered important the study of this endoparasite as in Mexico it infects se­
vera) species of cyprinids and Chirostoma estor (white fish), an endemic species 
from Patzcuaro lake (Michoacan). 

The first description of Bothriocephalus acheil.ognathi isolated from fish of the 
Cyprinidae family was made by Yamaguti, quoted by Korting (1975) who also 
made a list of synonyms. A study of the inte rmediate host for this parasite was 
made by Hoffman (1976), Bauer et al. (1969, 1987) and Musselius (1962). A de­
finitive host can o nly become infected by ingesting cyclopoid copepods (Chubb, 
1981); usually from the genra Acantocyclops, Macrocycl.ops, Mesocycl.ops, Tropocycl.ops 
and Diacycl.ops. T he parasitosis induced by B. acheilognathi is exclusively limited to 
freshwater fish , specially those localized in the ponds and water locks in which 
they are grown as an ecological control for water weeds, and to provide a source of 
fish proteins for human consumptio n. The world distribution of the parasite in­
cludes develo ped and underdeveloped countries (Ko rting, 1984; Sopinska, 1985; 
Leong, 1986; Kri tscher, 1986; Riggs & Esch, 1987; Alarcón-González, 1988). 

Although a species of parasite may infect many species of hosts in an ecosys­
tem , the maintenance of a local suprapopulation is usually dependent on a few 
species of "required hosts" (Ho lmes & Price, 1986). 

B. acheilognathi is notable among fish cestodes for its relative lack of specificity 
for the definitive host. It has been recovered from the intestines of more than 40 
species of freshwater fish, most of which are cyprinids (Riggs & Esch , 1987). 

T his pseudophyllidean tapeworm passes from a free phase called coracidium to 
the infective form: the procercoid, which inhabits the inlermediary host, usually a 
copepod or a cladoceran where they feed on hemolimph; and finaHy an adult 
phase in the intestine of sorne freshwater fish. They do not have the ple rocercoid 
stage. Fish get infected when they feed in zooplancton organisms containing fully 
developed procercoids. In Mexico the intermediary host is usually a copepod of 
the genus Mesocycl.ops. It can not be transmitted to humans but it affects acuacul­
ture farms, so the re is an important economic impact. 

The degree of infection determines the growth rate of fish. Mortality depends to a 
high degree on the amount of parasites that develop in the infected fish; it can also be 
due to mechanical intestinal obstruction , competition by essential nutrients or the de­
gree and type of lessions developed at the attachment site of the both1ia to the intesti­
nal mucosa. Another consequence of parasitosis is the decrease of hemoglobin 
content in the fish blood, this diminution can be of more of 28%, a situation that 
fo rces the fish to swim at the water surface where the oxygen concentration is higher. 
The most obvious economic damage is the lowering of muscle protein content, which 
in turn will give a poor yield in fish production (Alarcón-González, 1988). 
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MATERIALS AND METHODS 

Adult forms of the parasite were obtained from the fin al host, the grass carp Cteno­
pharyngodon idellus, o riginally imponed from China and grown in the water ponds 
of the Centro Acuícola de Tezontepec, H idalgo. 

The location of worms within the guts is in most cases 3 to 5 mm from the in­
testinal opening of the bile duct; h owever , in massive infectio ns it was possible to 
localize parasites in the lower pan of the intestine.The bothria ac t as e longated 
p incers on secondary folds of intestina l mucosa. 

Living grass carps were transponed from th e water po nds to the laborato11' in 
ths same water medium. After a humanitarian sacrifice, adult worms were col­
lected by d issection of the fish intestine. A to tal of 250 fish were dissected. Imme­
diately after isolation , specimens were fixed for two hours in a 3% glutaraldehyde 
solution in 0.1 M phosphate buffer, pH 7.4 at 42 C and rinsed overnight in a 0.25 
M sucrose solution in the same buffer a t 42 C. Post -fixation was made in 2 % os­
mium teu·aoxide in 0. 1 M phosphate buffer pH 7.4 a t 42 C for two ho urs; afte r 
post-fixation , samples were serially d e hydrated in acetone at room temperature. 
Infiltratio n was made in a 1: 1 aceto ne-Epo n mixture for 24 hours. Samples were 
cmbedded in an undiluted Epon mixture as described by Luft (1961) . 

Ultrathin sections were o btained in a Reichert Um03 ulu·amicrotome with a 
diamond knife (E.1. Dupont de Nemours), stained with uranyl ace tate (Hayat, 
1970) and lead citra te (Reynolds, 1963), and o bserved in a JEOL 100 B electron mi­
croscope o pe rated a t 60 KV. Thin sectio ns (µm ) were obtained and stained with 
2% toluidine bleu-bora te buffe r for light microscopy. 

r.or the scan ning electron microscopy, after dehyd ratatio n cestodes were dried 
to the critica! point with carbo n d ioxide in a d ryer Tcchnics CPA-11. T he cri tica) 
po int was mantained 5 minutes at 312C and 1070 p .s.i . The cestode was fixed to 
the cilinder that ho lds th e sample with a silver paint and covered with a 30 nm 
unifo rm film o f carbon and gold with the JEOL modcl JFC-1100. Samples were ob­
scrved with an scanning electron microscopeJEOLJSM-35. 

RESULTS 

From thc 250 disscctcd fi sh , 78 (31.2%) wcrc infected. Most tapcworms (9 1 % ) 
wcrc rccovcrcd fro m thc first half of thc intcslinc. Wc acknowlcdge the prefer­
cncc of young worn i.s for 1hc an 1crior ~ut rcgio n, whcrcas larger worms wcrc lo­
catcd funh cr hack. 

Thc sizc o f adult /Jothrior.e¡,lutlus ru:heiwgnathi rangcd from 3.5 to 13.5 cm. Th c 
sizc of thc hcart-shapcd scolcx was 0.8 to l .h 1 mm wi1h two lateral , dccp hothria as 
rlcscribccl for othcr spccics( U ,pcz:Jiméncz, 1480; ( ;ranath 11l al, 1983). Thc bot­
tom of th c bothria showcd a spccial ;1rrangcmc nt of microtrichcs a nd thc ncck 
was absc nt. 
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Dome shaped tumuli (viewed with the SEM) are numerous and more or less 
uniformily spaced o n the scolex. No differences were ~bserved in microthrix or tu­
mulus de nsity among the scolices of gravid, segmented or unsegmented worms; 
however within the bothria of ali these developmenta l stages, microrriches are more 
slender in appearence. Tumuli of the scolex contain dense-staining inclusio ns. 

Auachement of 1.he parasite to the host intestine is insured through the bothria; 
each one e ncircling o ne or two intestinal folds, and as described for o ther species, 
with strobila wedged and coiled against the intestinal wall (Scott & Grizzle, 1977). 

Small sp ecimens were less intimately associated with the intestinal mucosa 
than were larger specimens, indicating their greater reliance on the bothria for at­
tacheme nt. The scolex penetrated into the host gut wall as far as th e muscle un­
derlying the submucosa, the host reacted by depositing connective tissue around 
the scolex, form ing a swelling in the gut wall. Villi from this area dissapeared and 
there was marked fi brosis. Highe r magnification of the host-parasite interaction 
area at the tip of the scolex sh owed a layer ofvesicles wi thin the parenchyma, sug­
gesting an a rea of secretory activity.The intestinal mucosa e ngulfed by the bothria 
can be damaged; resulting in desquamation , haemorragic ente ritis or necrosis. 
The host respo nse consisted also in num erous macrophages bound to the scolex 
of the parasite (seen by SEM). 

Tegument ultrastructure 

The strobila and th e scolex of this parasite are covered by a syncityal tegument as 
described for o ther membe rs of the class Cestoidea. Special features displayed by 
this plasma membrane are thc digitiform projections or "microtriches" (Roth­
man , 1959). Three types of microtriches (Fig. l ) were found in B. acheilognathi. 
The first type correspo nds to a large a nd thin structure; the second type is short 
and wide. Both types are fou nd on th e strobila as well as the scolex, without prc­
feren t.ial localizatio n or distribut.ion. Thc third type corresponds to those observed 
excl usively at thc bonom of the bothria, as revealed by scanning e lectron micros­
copy (not shown h cre); this microtrich is largcr a nd thinn cr than th c first type 
mentionnecl and occur in bundlcs. Ali types of microtrich cs show an electron 
rlense "spinc", curved to the posterio r cnd of the parasite body. At the interior of 
the microthrix a numher of lo ngiw<linally a rranged microfilaments are ohserved . 
The absorptive zone of the microthrix is limitc<l by a conti nuous plasma mcm­
branc, and is coverecl by glycocalyx (Jnset Fig. 1). 

The distal cytoplasm is scparatcd from the pcrinuclcar (pe rika1ya) cytoplasm 
by a proximal plasma mcmbranc wh ich in turn , is thc li mit of th e basal mcm­
hranc. Th is basal lamina is constitutcd by a <lense sheat or aho ut 0.28 ~tm in thick­
ncss, wh ich is cithcr in contact, or is th e auachcmenl sitc o f numero us fihcrs. 

The distal cytoplasm shows numerous mi thoco n<lria an<l rabd iform ho<lies. 
Also di!Ten:nl types o l"pore-like slntctures ope n to thc cxlerior surfacc (Fig. 2) . As 
shown in Fig. 2A. thc dense sheal or thc basal lamina is intc rruptc<l , gc nerating a 
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Fig. 1. A) Micrograph of microtriches of the tegumenl of B. aclteilognatlti. Two structural 
componenlS are observed: the so called "absorplive zone" (a transverse section is shown in 
the lower inset) covered by glycocalix, and in the upper inset the electron dense "spine", 
curved towards the end of the parasite body is shown, 25 OOOX (Barr = 1.0 µm ). 

Fig. 2. Morphology of the distal cytoplasm of B. aclteilognatlti. The ultrastructure of the 
dense limiting sheat of the basal lamina (arrows) , localized between the perinuclear cyto­
plasm and the tegument is shown. The distal cytoplasm is interrupted (*) at severa) places 
with membrane limited conduclS, inside them it is possible to observe empty vesicles (arrow 
heads). Numerous elastic fibers al the basement membrane (heavy arrows) , resembles tend­
inous tissue for muscle attachment. Inset shows a magnification of an aperture of the dense 
lamina (cytoplasmic bridge) . 20 OOOX (Barr = 1.0 µm ). 
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Fig . 3. Morphology of Lhe ciliated sense o rgan (sensilla) . The elemcnlS of Lhis o rgan are 
sim ilar Lo Lhe cellular microvillus of a microlhrix. The absence of Lhe "spinc" is apparenl. 
The basal piece of the sensilla bound Lo Lhe distal cywplasm , shows similal ulLraslruClure lo 
Lhe synaplic junclion of mammals (i.e. presence of microvcsicles (arrows), see insel, 98 
OOOX). The sensilla is isolaled from Lhe exterior by mcans o f a circular scplaled desmosome. 
42 OOOX (Barr = 0.5 µm ). 

pore-like structure with clear connections between the intersti tial space and the 
externa] surface of th e parasite. An increased amount of elastic fibers attached to 
the basal lamina of the pore-like structures (PLS) can also be observed; the PLS it­
self is clearly separated from the distal cytoplasm by a low electron dense thick wall 
and a membrane that Iimits the lume n of the conduct. In figure 2 the vesicles at 
the te rminal end of the conduct may be observed; a possible function o f the e las­
tic fibers observed in figure 2A is also presented. 

Anothe r structure o bserved at the tegumental surface are the sensory cilia or 
sensilla (Fig. 3) . These sensitive organs a re distributed along the parasite body, 
scolex and strobila. The distribution disagrees with that reponed by o ther authors 
(Morseth, 1967; Jones, J 975; Granath el al, 1983) for this species and other related 
species. T he cilium emerges th rough a dendritic bulb and prou·udes through th e 
tegum ent. The cilia of these structures never protrudes higher than the surround­
ing microtrich es. T he spine is absent and the tubule content is beuer defined that 
in the microthrix. T his o rgan ends in a proximal bud , that con tains numerous 
e lectron- luscent vesicles which provide connection with a ne1ve e nding that also 
con tai ns oval membrane-bound vesicles. T he bulb of the sensilla is connected to 
the dystal cytoplasm by septate d esmosomes; under the desmosomes is a single 
e lectrodense colla r. The cilia extcnd J .O to 1.3 pm fro m the basal plate. 

O ther structures of the tcgumcnt are numcrous projccting buds or tumuli 
(Fig. 4) localizcd mainly al thc scol<.:x, hut also o n thc proglottids (fcw). These tu-
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Fig. 4. SecreLOry receptor (turnulus) . T his figure shows the dense granules of the secretory 
process, synthesized in the "unicellular endocrine gland " localized deeply al the 
parenchirna. These gla nds are profusely rarn ified towards the parasite tegurnent. We can 
observe sho rt and wide rnicrotriches aro und the turnulus. In the insel ( 42 OOOX, Barr = 0.25 
µrn ) a closer view o f o ne of those rnicrotriches is shown. 22 500X (Ba rr = 0.5 µrn ). 

Fig. 5. Muscle tissue. In A can be seen the rnorpho logy of the rnuscle bundles with sorne 
co rnrno n characteristics like rn ithocondria and sarcoplasrnic reticulurn. We can observe the 
rnernbrane specializatio n (rna rked * in the figure); and abundant glycogen (**) (38 500X, 
Barr = 1.0 µrn ). The nerve perikaryon (arrows), contains rnany dense core granu les and 
sorne vesicles with variable density, sorne of the rn are ernpty ( 15 OOOX, 13arr = 1.0 µrn ). Also 
in th is figure (C), another type of elcctric connection seerns to be presen t. This structure 
apparently is another type of innervation, and resernbles the striated rnuscle neurornuscular 
pla te (arrow heads), 30 OOOX, Barr = 1.0 µm. 



8 V. DÍAZ-CASTAÑEDA /:TA/ .. 

Fig . 4. SecreLOry receptor (turnu lus). This figure shows thc de nse granules of the secrctory 
process, synthesized in the "unicellular endocrinc gland" localized deeply a t thc 
pa renchirna. These glands a re profusely rarnified towards the parasite tegurnent. We can 
observe short and wide rnicrotriches around the turnulus. In the inset ( 42 OOOX, Barr = 0.25 
µrn ) a closer view of one o f those rnicrotriches is shown. 22 500X (Barr = 0.5 µrn ). 

Fig. 5 . Muscle tissue. In A can be seen the rnorpho logy of the rnusclc bundles with sorne 
cornrnon characteristics like rnithocondria and sarcoplasrnic reticulurn. We can observe the 
rne rnbrane specializatio n (rnarked * in the figure ); a nd abundant glycogen (**) (38 500X, 
Barr = 1.0 µrn ). The nerve perikaryon (arrows}, con tains rnany dense core granules and 
sorne vesicles with variable density, sorne of the rn are ernpty ( 15 OOOX, Ban- = 1.0 µrn ) . Also 
in this figure (C), a nother typc of clec tric connectio n seerns LO be present. This structure 
a pparc ntly is another type o f innervation , and rcscrnblcs thc st riatcd rnuscle neurornuscu lar 
plate (arrow heads), 30 OOOX, Barr = 1.0 µrn . 
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Fig. 6. Ultrastructurc of the intermediate zone. This tissue is localized betwecn distal and 
peripheral muscle bundles. In this zone, cyto plasmic projections of the rabdiform bodies of 
the ~ynthesizing ce ll and perinuclear or proximal cytoplasm are numerous. In this projec­
tions glycogen and mitochondria are abundant; also cytoplasmic projections of mucous se­
cre tory cells a nd those originated from the unicellular endocrine glands are important 
compo nents of this area. This zone is beuer defined al the scolex than at the proglottids, 
but it is not absent at any pan of the parasite body. 5 OOOX (Ba rr = 0.2 µm ). 

muli are discharging structures originated at che unicellular glands of the perinu­
clear cytoplasm with cytoplasmic projectio ns towards the surface of the parasite. 
The basal lamina, together with the cytoplasm is proj ected out of the cell and 
penetrates the tegument; besides, sorne muscle fibers are located between the con­
duct and the basal lamina. The limiting membrane of the basal lamina apparently 
continous with the channel membrane of the process, which may indicate fusion of 
both membranes duiing the evagination of the cytoplasmic projection through the 
d istal cytoplasm; the rabdiform bodies are mixed with the dense secretion granules. 

The space between the basal lamina and the perinuclear cytoplasm 

Smooth muscle fibers arranged in layers (bundles) show two orientations (Fig. 
5A), longitudinal ones directly in contact with the basal lamina and tranversal 
ones in connection with the perinuclear cytoplasm. These muscles are composed 
of miofibri ls, with thick (myosin) and thin filaments (actin ). 

The muscular innervation (Fig. 58) cannot be described in the classical terms 
of a neuromuscular plate or e lectrical synapsis. Fine cytoplasmic projections from 
the unicellular glands tha t run parallel and in close contact with the muscular fi-
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Fig: 7. Mucous like secretory ce lis. The " head" of the projection is limited by a desmosome 
(*), secretory granules are defined by a clear unit membrane (arrow) . The dense basal lam­
ina adjacent to the distal cytoplasm is projected towards the distal cytoplasm, forming a 
"neck" which might regulate the number of granules passing through , and perhaps func­
Lioning like a sphincter together with the muscle fibers (arrow heads) Lhat surround the 
structure. The inset (23 OOOX, Barr = 1.0 µm ) shows a high magnification of the "neck". The 
presence of microfilamenlS whose function could be Lhe regulation of the sense of migration 
of Lhe granules in the direction of the parasite tegument is evident. 18 OOOX (Barr = 1.0 µm ) . 

bers are also observed (Fig. SB). These cellular projections contain vesicles with 
different electron densities ( or affinity to the staining chemicals) . Another type of 
innervation observed consisted in a dense area between the muscular fiber and a 
cytoplasmic cell projection, this structure resembles more the structure of a verte­
brate neuromuscular plate (Fig. SC). 

Between the muscular zone and the perinuclear cytoplasm there is an intermedi­
ate zone (Fig. 6), clearly observable at the scolex and less well defined, but present at 
the proglottids. This zone is packed wi th cytoplasmic projections or in ternuncial proc­
esses connecting distal and perinuclear cytoplasm. These projections contain in addi­
tion to the rabdiform bodies, mithocond1ia (0.97-l.22~1m) and abundant glycogen 
granules. Other type of cytoplasmic projections located at this leve) are those origi­
nated in the unicellular glands and in the mucous secretory cells (Fig. 7) . The type of 
cytoplasmic projections are differentiated by the type and morphological charac­
teristics of the granules that contain (compare Figs. 4 and 5 with Fig. 7). 

The type of granules in the cytoplasmic p roj ections of the mucous secretory 
cells are larger and show lower electron density, and a well defined limiting mem-
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Fig. 8. Ultrastructure of the perinuclear cytoplasm. This zone of the parasite body presents 
a high cellular density, muscular fibers (*) and cytoplasmic proj cctions (**) of ce lis local­
ized at the center o f the cestode body (i.e. unicellu lar endocrine glands). 12 OOOX (Barr = 

1.0 µm ). 

bran e. The rela tio nship of the limiting basal membrane and che cycoplasmic pro­
jection of the mucous secretory cells show a diffe renc patte rn; in chis case che basal 
lamina is projecced towards the perinuclear cytoplasm (Fig. 7) forming a n eck 
type structure tha t probably, fun ctio ning like a sphinccer, regula ces the numbe r of 
gra nules thac can migrace to the tumuli at the surface of the parasice . Ocher char­
ac teristic elemencs in this cytoplasmic projection are the microtubules, whose 
fu nctio n is probably to orie ntate the direction of granule migration cowards ch e 
parasice surface. As desribed above fo r the sensilla, this projection is also isolated 
from the exterior by means of clearly defined d esmosomes. 

The region of the perinuclear cytoplasm 

In the regio n of th e peri nuclear cytoplasm (Fig. 8), in additio n to the unicellular 
glands and the mucous secretory cells, the main organs of che parasite are: vite llo­
genic glands, protoneph ridial syste m, gonads and th e ir acceso1)' structures which 
a re not described h e re. 

The unicellular glands (Fig. 8) are iclcntified by che type oí gra nules containecl in 
the cytoplasm. Some cells show a dense cytoplasm with severa! actively secreting Golgi 
hodies; this is in agreement with tJ1e sccre tOI)' activity oí tJ1is type of cclls which is also 
supported by a high ribosome conte nt. Thc cytoplasmic projections of the cell are 
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Fig. 8. UltraslruCLure of the perinuclear cyloplasm. This zone of the parasite body presenLS 
a high cellu lar density, muscular fibcrs (*) and cyLOplasmic projcctions (**) of ce lis local­
ized at Lhe cenler of Lhe cesLOde body (i.e. un icellular endocrine glands). 12 OOOX (Barr = 

1.0 µ m). 

brane. T he relatio nship of the limiting basal membrane and che cyto plasmic p ro­
jectio n o f the mucous secretory cells show a d iffe rent pattern; in th is case che basal 
lamina is proj ected towards the perinuclear cytoplasm (Fig. 7) forming a neck 
type structure that probably, fun ctio ning like a sphincter, regulates che number of 
granules that can migrate to th e tumuli al the surface of the parasite . Other char­
acteristic elements in ch is cytoplasmic projection are che microtubules, whose 
fu nctio n is probably to orie ntate the direction of granule migration towards th e 
parasite surface. As desribcd abovc fo r the sensilla, th is projection is also isolated 
fro m the exterio r by means of clcarly defin cd desmosomes. 

The region of the perinuclear cytoplasm 

In thc regio n of thc per i nuclear cytoplasm (Fig. 8), in additio n to the un icellu lar 
glands and thc mucous secretory cclls, the main organs of the parasitc are: vitc llo­
gcn ic glands, protoncph ridial system, gonads and their accesory structurcs which 
are not describcd he re. 

Thc unicellular glands (Fig. 8) are idcn tificd by the type of granules contained in 
tJ1e cytoplasm. Some cells show a dense cytoplasm with several actively secreti ng Golgi 
bodies; this is in agreement with the sccretory acúvity of tJ1is type of cclls which is also 
supponed by a high ribosome content. T he cytoplasmic prqjections of the cell are 
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Fig: 9. Lipid storage bodies are shown at thc cytoplasm of a ce ll with high conte nt of free ri­
bosomes a nd also a h igh conlenl of granular endoplasmic reticulu m. A: 23 OOOX (Barr = 

1.0 µm ) . In B lhe residual bodies are shown. B: 22000X (Barr = 1.0 µm ). 

packed with characteristic granules and a number of empty vesicles. These cellular 
projections showed two types of orientation, one runs along the muscular fibers, and 
the other towards the distal cytoplasm as described above (Fig. 4 and 5) . 

The perinuclear cytoplasm is also profusely ramified. Ramificatio ns conect 
these cells with different types of organs, glands and other cells found in the pro­
glottid. Storage structures rich in reserve materials, like glycogen and lipid drop­
lets a re also observed . (Fig. 9). Mate rials generated by the active me tabolism of the 
reserve ma terials a re present, especially those d e rived from lipids (myelin figures 
and residual bodies) . 

DISCUSSION 

Bothriocephalus acheilog;n.athi has been described as a parasite of severa! familics of 
fish: Siluridae, Poeciliidae, Cyprinidae, Acipenseridae and Atherinidae. In Mexico, 
it has been found mainly in the grass carp ( Ctenopharyngodon idellus) (Ló pez­
Jiménez, 1978, 1980), in Carassius auratus (Alarcón-González, 1988) and the white 
fish ( Chirostoma estor), ( Osorio-Sarabia et al., 1986). 

The fine structure of B. ach.eilog;n.athi is simila r in many aspects to that of o ther 
pseudophyllidean tapeworms. Among the species of Bothriocephalus fo und in 
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o rth Alne rica only B. acheilognalhi has a hean-shaped scolex, the other species 
prescnL elongated scolices. So as mentio nned by Hoffman (1980), this charac­
te ristic is a d iagnost.ic feaLure for B. acheilognalhi in Nonh Alnerica. 

Tumuli are more o r less uniformily distributed on the surface of the scolex o f 
B. acheilognathi. These structures were first described by Boyce (1976) on adult Eubo­
lhrium salvelini, Cleslobolhrium crassiceps and Bolhriocephalus scorpii. Later, T edesco & 
Coggins (1980) made a TEM study of the tegument of adult E. salvelini which re­
vealed the presence of electron-dense inclusions within the tumuli. Their work 
showed that the inclusions were manufactured by the endoplasmic reticulum, 
packaged by the the Golgi bodies within the perinuclear cytoplasm and trans­
poned via ducts to the parasite surface. AJthough this study did not follow the in­
clusions from synthesis through depositio n in the tumuli, the observa tions mad e 
are consistent with those ofTedesco & Coggins (1980). 

T he plerocercoids of E. salvelini do not posses tu~uli , even though they a re 
present on the tegument of adults of this species (Boyce, 1976); contrary, recently 
recruted immature B. acheilognalhi as well as mature specimens, possess tumuli. 
Tedesco & Coggins ( 1980) mention that tumuli may serve in eccrine secretio n , 
however th e functio nal significance has not been eluicidated. Granath el al, 
( 1983) acknowledge also the presence and distribution of tumuli in the scolex 
and strobila of B. acheilognalhi but they do noL mention their possible fun ctio n . 
Since B. acheilognalhi does no t have a plerocercoid stage any comparisons are diffi­
cult. 

The tegument of B. acheilognalhi was composed of a dense !ayer of micro­
triches, their morphology varies between the scolex and the proglotlids. Gener­
ally, scolex microtriches are longer and slender than those on the strobila, 
nevenheless the thinnest microtriches are found within the bothria. These o bser­
vations are consistent with those made by Granath el al (1 983). Andersen (1975) 
also no ted slende r microtriches within the bothria of three species of Diphyllo­
bolhrium. Gland cells in the bothria of pseudophyllidean cestod es have been 
thought to produce secret.ions for adhesio n rathe r than for penetratio n. However, 
Lhe granular na ture of the scolex tissue and the vesicles in the distal parenchyma 
of sorne species of Bolhriocephalus suggest sorne kind of secre tory act.ivity which may 
help the pene tration of the gut wall of the host. 

Sensilla are disLributed between the microtriches of the scolex and strobila. 
This o bservation disagrees with that reponed by Granath el al (1983) for B. acheil.og­
nalhi,wh o found them only in the tegument of proglouids, and is also different from 
those described by Morseth (1967) for E. granul.osus and j ones (1975) for B. scarpii in 
which an exclusive localization of these sensory cilia at the scolex was reponed. Fur­
ther observations in this species and other species of this genus are needed. 

Th e sensory cilia found in B. acheilognalhi most closely resemble the sensilla de­
scribed from the scolex of Hymenolepis microsloma (Webb & Davey, 1974); boLh are 
characterized by a rather long cilium and the absence o f ciliary rootlets. Two elec­
tron-d ense collars can be seen wiLhin the dendri t.ic bulb of the sensilla of H. micros-
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toma, but only o ne is present in the dendritic bulb of B. acheilognathi. Sensilla of B. 
acheilognathi possess microtubules. Granath et al ( 1983) mention that electro n­
dense collars are a common feature of the sensilla of parasitic flatworms and, that the 
number present is related to the size of the cilium. In fact, such collars serve to sup­
port the cilium and septate desmosomes serve to attach the bulb to the tegument. 

The tegument of B. acheilognathi presentan arrangement typical of ali cestode 
species studied to date; it is composed of an externa! syncytial layer with underly­
ing perikarya. Within the syncytium we observed mitochondria and membrane 
bound vesicles. These vesicles are p robably pinosomes, since it has already being 
demonstrated in Schistocephalus solidus and Lígula intestinalis (Threadgold & Hop­
kins, 1981) that the cestode tegument can take up macromolecules by pinocytosis. 
T he vesicles described by these authors are similar (size and shape) to the ones we 
o bserved in B. acheilognath~ so we assume they are involved in pinocytosis. 

Muscles bundles are present in the perinuclear region, below the basal mem­
brane. They a re comparable to those described from other cestode species (Hess, 
1980). The cells of B. acheiwgnathi have a prominent nucleus, a high ribosome 
content, actively secreting Golgi bodies mithocondria and glycogen. The state of 
the Golgi bodies and endoplasmic reticulum indicates a cell actively synthesizing 
p roteins.The fate of these proteins is not known, although sorne authors think 
that the inclusions found within the tumuli are synthesized in these cells (Tedesco 
& Coggins, 1980). Other hypothesis is that sorne of these vesicles contain enzimes, 
or contri bu te to the formation of the glycocalyx (Smith, 1969). 
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