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A B ST R A C T
T h e  cercaria  o f  L ep id a p ed o n  e lo n g a tu m  develops in rediae in O n oba  aculeus  (G ould) (P rosobranch ia , 
R issoidae). T h e  cerca ria  d iffers from  all know n lepocread iid  cercariae in being n o n -o ce lla te  and  in 
h av in g  a sm all, nearly  sp h e rica l ta il. T h e  cercaria  has p en e tra tio n  g lands b u t no  sty let. E ncysted m eta- 
ce rcariae  o f  L . e lo n g a tu m  w ere  fo u n d  in polychaetes and  m olluscs from  the n o rth e rn  0 re su n d , 
D en m ark . U n d er ex p erim en ta l co n d itio n s  cercariae encysted in b rittle  s ta rs  too . M etacercariae  develop 
to  infectiv ity  d u r in g  fo u r w eeks in polychaetes, w hereas they never o r  rare ly  becom e infective in 
m o lluscs and  ech inoderm s. T h e  A tlan tic  cod G adus m orhua  L. is the final h o st in D anish  w aters, in 
G reen lan d  w a te rs  it  also  o ccu rs in G. ogac  R ichardson.

R ed iae , cercariae , m e tacercariae  and  adu lts  o f  L. e longatum  w ere exam ined  by m eans o f  ligh t m icro 
sco p y  an d  ste reo scan  e lec tron  m icroscopy . T he tegum en t o f  undeveloped ex tra re d ia l cercariae is 
cov ered  by sh o r t m icrov illu s-like  stru c tu res. T he long m icrovilli w hich  encircle the o ra l and  ventral 
su ck ers  o f  fully  developed  cercariae  a re  lost a few days after encystm ent. T h e  m etacercariae  do  no t 
g ro w , b u t th e  sh a p e  o f  the sp ines changes g radually  from  being po in ted  to  being fla ttened  and  m u lti
p o in ted .

T h e  larval s tages a n d  the life-cycle o f  L. elongatum  are  com pared  w ith  those  o f  o th e r  lepocreadiids.
L. m icro co ty leu m  O d h n e r  is regarded  as a synonym  o f  L. elongatum . L . e longa tum  has been re 

co rd ed  from  several fam ilies o f  litto ra l and d eep -w a te r  fishes from  th ro u g h o u t the w o rld , b u t m ore 
th a n  o ne  species a re  obv iously  involved.

IN T R O D U C T IO N  

Lepidapedon  elongatum  (L ebour, 1908) N icoli, 1910 (T rem atoda, Lepocreadii
dae) is the m o st ab u n d an t digenetic trem atode in the A tlantic cod G adus m orhua  
L. from  D anish  and  ad jacent w aters (Koie 1984). In G reenland w aters it occurs in 
G. ogac  R ichardson  as well.

T his is the  first know n life-cycle of a species o f  Lepidapedon , a genus w ith in  
w hich  there is considerable taxonom ic  confusion, which is rich in species, and has 
a w orld-w ide d istribution . T he life-cycle and larval stages are com pared w ith  those
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o f  o th e r lepocreadiids. The different developm ental stages are described using the 
stereoscan  electron m icroscope.

A p p re c ia tio n  is due to  D r  A. W arén , U niversity  o f  G ö teb o rg , Sw eden, fo r  in fo rm atio n  on  the geo
g ra p h ic a l d is tr ib u tio n  o f  O noba  aculeus. T he in terference c o n tra s t m icroscope used in th is study was 
fin a n c e d  by  th e  D anish  N a tu ra l Science R esearch C ouncil.

M A T E R IA L  A N D  M E T H O D S

T h e  snail h ost O noba aculeus (Gould) (Prosobranchia, Rissoidae) was dredged in 
the  n o rth e rn  O resund , 18 m. O ther invertebrates from  the same dredge hauls were 
exam ined  to  detect naturally  infested second interm ediate hosts. The snails were 
crushed  and various invertebrates w ere exposed to  the freed cercariae. The m a
te ria l in tended  fo r exam ination  in the stereoscan electron m icroscope w as treated 
as described  previously (e.g. Koie 1975).

R ESU LTS 

The snail host

2 4 %  o f  3 0 0  (Sep. 1984) and  2 0 %  o f 140 (M ay 1985) O noba aculeus (Gould) 
from  the n o rth e rn  O resund , 18 m, were infested w ith rediae and  cercariae of L. 
elonga tum . Infective cercariae were found in both  Septem ber and  M ay. M ost 
infested  snails harbou red  10-20 rediae and  app rox . 10-100 ex trared ial cercariae at 
d ifferen t developm ental stages.

The redia

T h e  rediae occur in the  tissue betw een the tubules of the digestive gland. Only one 
red ial genera tion  w as found. The ra th er inactive, nearly cylindrical rediae are 
slightly  po in ted  posteriorly . T he term inal m outh  is often surrounded  by an annular 
th icken ing  (Figs IA , 2A). In infestations w ith  ex trared ial cercariae also, the rediae 
m easured  (based on 20 random ly selected slightly flattened specimens) 480-1000 
/xm (m ean: 570 /xm) in length and 150-300  /xm (mean: 200 /xm) in w idth. The 
p h a ry n x  is 50 -9 0  /xm (m ean: 65 /xm) in d iam eter. The redia has a sho rt wide 
caecum . T he b irth  pore  is situated  anteriorly  in the brood  cham ber. T he flame cell 
fo rm u la  is 2 (2  +  2).

T he tegum ent covering the external surface is highly increased by closely ar
ranged  irregu lar in ter-related  ridges o r folds. Irregular bodies are often found on 
the  to p  o f  the  folds (Fig. IB ). T he tegum ent o f the buccal cavity is provided with 
closely arranged  sh o rt m icrovillus-like structures (Fig. ID ).
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Fig. 1. S tereoscan  m icro g rap h s o f  red iae o f L ep idapedon  e longa tum . A, an te rio r  end show ing  the 
m o u th  an d  u n ic ilia te  sensory  stru c tu res  (C l)  and  non-c ilia ted , p resum ed sensory  stru c tu res (arrow s). 
B, th e  e x te rn a l su rface . Irreg u la r bod ies occu r on  som e of the folds. C , p resum ed sensory  structu res 

close to  th e  m o u th  open ing . D , detail o f  buccal cavity  (left) w ith  sh o rt m icrovilli.

T w o types o f  presum ed sensory structures surround the m outh. One type form s 
an  irregu lar tegum ental projection and has no pro trud ing  cilium (Fig. 1C). T he 
o th e r type is o f  the sim ple uniciliate type (Fig. 1A).

The cercaria

The cercariae leave the rediae while still undeveloped and complete the developm ent 
in the  snail tissue. T he m ost developed cercariae (Figs 2B, 5A) from  crushed snails 
m easured (based on 20  slightly flattened specimens) 180-240  /xm (m ean: 210 /xm) 
in length and  90 -130  /xm (m ean: 115 /xm) in greatest w id th . T he oral sucker is 
4 4 -5 2  /xm (m ean: 50 /xm) in d iam eter, and the ventral sucker, w hich occurs just 
posterio r to  the m iddle o f the body, measures 44-50  /xm (mean: 46 /xm) in diameter.

T here is a long p repharynx . The pharynx , w hich is pyriform  and  w idest pos
terio rly , is 18 -2 4  /xm (m ean: 20 /xm) long and 15-20 /xm (mean: 18 /xm) at the
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10 0  /ir.

50 pm

B

Fig. 2 . T h e  red ia  and  cercaria  o f  L ep idapedon  e longa tum . D raw n  after living, slightly  flattened 
specim ens. A, a fully developed red ia . B, ven tral view  o f  cercaria.

g rea test w id th . The oesophagus divides into the caeca abou t halfw ay between the 
p h ary n x  and  the ventral sucker. The caeca end close to the posterior extrem ity.

T w o  g roups o f long gland ducts occur on each side o f the cercarial body. The 
ducts open  an terio rly  to the o ra l sucker. Laterally there are five openings and more 
m edially  th ree  openings. The gland cell bodies occupy the area from the posterior 
lim it o f  the p h ary n x  to  the m idacetabular level.

T h e  w all o f  the spherical to  pyriform  excretory  vesicle is com posed o f  large cells. 
N u m ero u s sm all spherical bodies, p robably  lipid droplets, occur th roughou t the 
body  o f  fully developed cercariae. O n each side the flame cells are apparently 
a rran g ed  in fou r groups each w ith  three cells, bu t the unravelling o f the flame cell 
fo rm u la  is com plicated  because the ciliated ducts may be m isinterpreted as flame 
cells.
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T he ta il, w hich m easured 25 -3 0  /xm (mean: 28 /xm) in length and 3 0 -4 0  /xm 
(m ean: 36 /xm) in w id th , is filled w ith large, presum ed glandular cells. T he tail 
surface o f  ex trared ial cercariae is covered w ith sm all m icrovillus-like projections 
(Fig. 3F).

T he ex ternal surface o f non-infective extraredial cercariae is increased by n u 
m erous knobs o r sho rt m icrovillus-like projections (Figs 3C , 4A). They disappear

Fig. 3 . S tereoscan  m ic ro g rap h s  o f  ex tra re d ia l cercariae o f  L epidapedon  e longa tum . A n terio r end o f  all 
specim ens to w a rd s  th e  left. A , an  undeveloped  cercaria . B, a fully developed infective cercaria . 
C , de ta il o f  e x te rn a l su rface  an d  v en tra l sucker o f  y oung  cercaria  show ing sh o r t m icrov illus-like p ro 
jec tio n s and  sp in es (S). D , as C , b u t o f o ld er cercaria  w ith  sh o rt m icrovilli on  th e  rim  o f  th e  ventral 
su ck er. E , de ta il o f  infective cercaria  show ing  p a r t  o f  the ventral sucker w hose rim  carries long m icro 
villi. D iffe ren t k inds o f  un ic ilia te  sensory  stru c tu res (C l)  are seen. F, th e  tail o f  an  infective cercaria .
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Fig. 4. D e ta ils  o f  the a n te r io r  ends o f  ex tra re d ia l cercariae o f  L ep idapedon  elongatum . A, the oral 
su c k e r o f  a  n o n -in fec tiv e  cercaria  show ing  d ifferen t k inds o f  sensory  stru c tu res (C l)  and spines (S). 
T h e  su rface  is covered  by sh o rt m icrovilli. B, th e  a n te r io r  end o f  an  infective cercaria . C , the extrem e 
a n te r io r  en d  o f  an  infective cercaria . D , area  ju st p o ste rio r  to  oral sucker o f  an  infective cercaria 

show ing  d iffe ren t k inds o f  un icilia te  sensory  stru c tu re s  (C l)  and  spines (S).

before the cercariae are infective except those w hich occur on the rim of the 
suckers. T h e  la tter grow  to  a length o f  ab o u t 4  /xm (Figs 3D , E, 4B -D ).

D ifferen t types o f  uniciliate sensory structures are com m on in association with 
the  suckers, bu t are also found ventro-la terally  on the forebody (Figs 3E, 4A-D) 
an d  on  the  ta il (Fig. 3F ). The base o f some cilia are surrounded by an annular 
co llar. T h e  length o f these cilia ranges from  less than  0.5 /xm to about 10 /xm. In 
o th e r  cases the  cilia, ap a rt from  the apical ends, are surrounded  by an about 1 /xm 
long tu be-like  tegum ental collar. N ine, slightly dom ed, large papillae w ithout 
p ro tru d in g  cilia occur on the rim o f the ventral sucker (Fig. 3A, C , D).

Sm all regularly arranged  pointed  spines, w hich are m ost num erous and longest 
an te rio rly , p ro tru d e  th rough  the tegum ent th roughou t the body.

T he cercaria  has a superficial resem blance w ith cotylom icrocercous (opecoelid) 
cercariae , w ith  a sh o rt ta il specialized for adhesion, and they behave in the same
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w ay (Koie 1981). They craw l, using the tail and the suckers, especially the an terior 
one, and  a ttach ed  by the  tail they stretch ou t the body and swing from  side to  side 
in search  o f  a su itab le  second interm ediate host.

The second interm ediate hosts

V arious invertebra tes from  the sam e dredge hauls as the snail host w ere exam ined 
fo r m etacercariae  of L. elongatum . M etacercariae were found in the foo t and 
m antle o f  sm all specim ens o f the bivalve A starte  sp., in the snails O noba aculeus 
and  O d o sto m ia  sp., b u t only abou t 1 % of these molluscs were infested and no 
infested m olluscs contained  m ore th an  one m etacercaria.

T he po lychaetes Lum brineris fragilis (M üller), A nobo thrus gracilis (M alm gren) 
and  m em bers o f  Polynoidae, H esionidae and Phyllodocidae w ere found  infested. 
O nly ab o u t 20 m etacercariae w ere found in the  m ost heavily infested polychaete 
(L. fragilis). M etacercariae  w ere found in the head region only, and  especially in 
the  m uscu la r p harynx . N o m etacercariae o f L. elongatum  w ere found in brittle 
s tars o r o th e r m em bers o f the invertebrate groups exam ined.

In som e o f  the  bivalves, polychaetes and b rittle  stars exam ined, the encysted 
m etacercariae  o f  Zoogonoides viviparus (O lsson, 1868) w ere found, w hich dif-

Fig. 5 . C e rca ria  and  m e tacercariae  o f  L ep idapedon  e longa tum  from  experim enta lly  infected  Nereis  
diversico lor. In te rfe ren ce  co n tra s t. All to  the sam e scale. A , an infective cercaria . B, an excysted  tw o- 
w eek o ld  m etace rca ria . C , tw o  fou r-w eek  o ld  m etacercariae in p arap o d iu m . D , p a r t  o f  tw o  living 
(left) a n d  o ne  dead  e igh t-w eek  o ld  m etacercariae. T he sm all d a rk  body p ro b ab ly  represen ts the rem ains

o f  a dead  m etacercaria.



1 4 2 M A R I A N N E  K 0 I E

fered from  those o f L. elongatum  by being larger, and by having the ventral sucker 
larger th an  the o ra l one (Koie 1976).

V arious invertebrates belonging to  different phyla were exposed in small glass 
co n ta in ers  w ith o u t sedim ent to hundreds o f cercariae from crushed snails for 24 to 
48 h  (10°C ). Encysted m etacercariae w ere found  in the foo t o r m antle of all the 
exposed  bivalves, e.g. Spisula subtruncata  (da C osta), Cardium  spp., A starte  spp. 
and  A b ra  spp. The cercariae also encysted in the b rittle  star O phiura albida Forbes. 
B oth  bivalves and b rittle  stars are apparently  unsuitable hosts as all the m eta
cercariae  died  w ith in  tw o  weeks. A few host cells adhered to  the cyst w all, bu t the 
host tissue réponse w as so w eak th a t it m ay no t have caused the death of the 
m etacercariae .

To avoid a possible natural infestation Nereis diversicolor M üller, N ephtys sp. and 
Pectinaria  sp. from  shallow sandy bottom s, w here the snail host does not occur, 
w ere  used as experim ental hosts. T he cercariae encysted less than  six hours after 
p en e tra tio n . The encysted m etacercariae were found  in the muscles th roughou t the 
body  includ ing  the parapod ia  (Fig. 5C ), bu t m ost w ere found in the head region 
especially the pharynx . In N . diversicolor ab o u t one th ird  died w ith in  eight weeks, 
and  b o th  living and  dead m etacercariae were surrounded  by several layers o f host 
cells (Fig. 5D ). A sim ilar host reaction  w as n o t found in naturally  infested poly
chaetes, w hich  indicates th a t N . diversicolor is a m ore susceptible host than the 
rem ain ing  polychaetes exam ined.

T he metacercaria

T h e  fo llow ing descriptions are based on  m etacercariae from experim entally in
fected Pectinaria  sp., N eph tys  sp. and N. diversicolor. The diam eter o f slightly 
fla ttened  recently encysted m etacercariae is 110-140  /xm (mean: 120 /xm). N o 
g ro w th  takes place during the m etacercarial stage.

Sm all refractive globules appear in the excretory  vesicle a few days after en- 
cystm ent. T he excretory  vesicle o f tw o-w eek o ld  m etacercariae is filled w ith these 
refractive globules (Fig. 5B). M ost o f the conten ts of the penetration  glands dis
ap p ear a fte r pene tra tion  and encystm ent, bu t traces of the ducts and cell bodies 
w ere still visible in tw o-w eek old m etacercariae. M ost o f the presum ed lipid d rop 
lets in the  body had  d isappeared or decreased in size. At this age small unicellular 
g lands ap p ea r under the tegum ent o f the forebody. The num ber of these glands 
h ad  increased  and  the  excretory globules had slightly increased in size in 4- and 8- 
w eek o ld  m etacercariae. The flame cell form ula is the same as th a t o f the cercaria. 
N o  developm ent o f the  reproductive system  had  apparently  taken  place.

T he longest cilia o f  the uniciliate sensory structures and m ost of those sur
ro u n d ed  by a tube-like collar had d isappeared less than  three days after penetra
tio n  (Fig. 6A, B). O nly uniciliate structures w ith  a short cilium rem ained in four- 
w eek  o ld  m etacercariae (Fig. 6E). T he m icrovilli w hich encircle the suckers o f the
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Fig. 6. M e tace rca riae  o f  L ep id a p ed o n  elonga tum  from  experim entally  infected  Nereis diversicolor. 
A -C , th re e -d a y  o ld  specim ens. D &  E , fou r-w eek  o ld m etacercariae. A, p a rtly  excysted m etacercaria . 
B, th e  o ra l su ck er o f  A. C , p a r t  o f  th e  ven tra l sucker o f  a n o th e r m etacercaria . D , sp ines on  the 

a n te r io r  end . E , th e  an te rio r  end show ing  the fla ttened  se rra ted  spines.

cercaria  a re  lo st a few days after encystm ent (Fig. 6A-C). T he spines gradually  
change from  being single po in ted  to  being m ultipointed and flattened (Fig. 6).

T h e  m etacercariae  found  in naturally  infested polychaetes all fall w ith in  the 
range o f the above descrip tion .

The fina l hosts

L. e longatum  is the m ost ab u n d an t adult digenean in the cod from  D anish and 
ad jacen t w aters (Koie 1984). In G reenland w aters it occurs in G. ogac as well 
(unpub l. obs., Ju ly  1978, Septem ber 1984). G. ogac is a new  host for L. elongatum .

Even tho u g h  several hundred  specim ens o f  L. elongatum  occurred in the pyloric 
caeca o f  a cod, m ost o ften  no host tissue reaction was observed. H ow ever, in some 
cases, the ap ical ends o f the pyloric caeca w ere red due to  haem orrhage caused by 
the parasites. T h e  haem orrhage w as apparently  no t directly, dependent on the 
num ber o f  parasites as caeca, each w ith  less than  10 adult L. elongatum , were 
occasionally  red , w hereas som etim es up to ab o u t 30 adult specimens in a caecum 
did  n o t cause any  haem orrhage.
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T h e  cod  used for experim ental infections had been kept in tanks for 12 m onths 
an d  fed on frozen food only. Individual cod w ere given pieces o f N . diversicolor 
h a rb o u rin g  one-w eek, four-w eek and eight-w eek old m etacercariae o f L. elonga
tu m . O nly  the  four-w eek and  eight-w eek old m etacercariae were infective. The 
tw o  experim entally  infected cod, w hich w ere exam ined 6 and 40 days after infec
tio n , h arb o u red  betw een 50 and 100 im m ature L. elongatum.

Fig. 7. A d u lt L ep id a p ed o n  e longa tum . A &  B, living f la tte n ed  w orm s from  experim entally  infected 
cod . In te rfe ren ce  co n tra s t. C  &  D , living f la ttened  specim ens from  n a tu ra l in festations. A rrow s indi
c a te  th e  in te s tin a l b ifu rca tio n . A, s ix -day  o ld  w orm . B, 4 0 -d ay  o ld w orm . C , an te rio r end o f  im 

m atu re  specim en. D , m atu re  w orm .
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The adult

T he specim ens found  in the pyloric caeca o f cod six days after ingestion of the 
m etacercariae  d id  no t differ from  excysted four- o r eight-w eek old m etacercariae, 
a p a r t from  th a t m ost o f  the refractive globules in the excretory vesicle had  dis
ap p eared , and  the  n u m b er o f  unicellu lar glands o f the forebody had  increased 
(Fig. 7A).

T he 4 0 -d ay  old specim ens (Fig. 7B) m easured (based on 20 living slightly 
fla ttened  specim ens) 600 -1100  /xm (m ean: 800 /xm) in length and 2 0 0 -300  /xm 
(m ean: 25 0  /xm) a t the greatest w idth. The diam eter o f the oral sucker w as 76-82  
/xm (m ean: 80 /xm), and  th a t o f the ventral sucker 65-72 /xm (mean: 70 /xm). The 
sucker ra tio  w as 1: 0 .8 1 -0 .9 5  (mean: 1 : 0 .88). T he num ber o f  unicellular glands 
h ad  increased. These glands are especially com m on in the an terior p a rt o f the 
forebody, and  m ost open ventrally and laterally. The testes and ovary were dis
tinc t, b u t eggs had  no t developed.

M a tu re  specim ens from  naturally  infested cod have a sim ilar sucker ra tio , and in 
no case w as the ventral sucker larger th an  the oral one. T he intestinal bifurcation  is 
ab o u t m idw ay betw een the suckers (Fig. 7). The length o f the pharynx  is identical

100¿vm

Fig. 8. A d u lt L ep id a p ed o n  e lo n g a tu m . A, C &  D , m atu re  specim ens from  n a tu ra lly  infested cod. 
A, w h o le  spec im en . B, s ix -d ay  o ld  w o rm  from  experim entally  in fected  cod. C , an te rio r  end w ith 
ex te n d e d  sp ines. D ifferen t k inds o f  sensory  structu res are  seen. D , as C , bu t w ith  re trac ted  spines.
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Fig. 9. D e ta ils  o f  s ix -day  o ld  (A) and m atu re  L ep id a p ed o n  e longa tum  (B -E). A , detail o f  an te rio r  end 
w ith  sp h e rica l bod ies on  th e  fla ttened  se rra ted  sp ines. B, sp ines w ith  detached  bodies (arrow s) and 
p re su m e d  o p en in g  o f  un ice llu lar g land . C , sp ine d u rin g  d iv ision  and spherical bod ies (arrow s).
D , sp in es, som e o f  w h ich  have the tips re trac te d  in to  th e  tegum en t and spherical bod ies (arrow s).
E , v e n tra l su ck er show ing  sp ines, cilia (C l)  o f  sensory  s tru c tu re s  and  large dom ed pap illae  on  rim  o f  the

sucker. G en ita l o pen ing  in u p p e r left corner.

to , o r  slightly sm aller than , the diam eter o f the ventral sucker. The testes of m ature 
w orm s occu r in  the posterio r ha lf o f the h indbody  (Fig. 7D ).

T h e  sensory  structures appear as those of infective m etacercariae. All specimens 
in the  final host have m ultipo in ted  flattened spines anteriorly (Fig. 9). The spines 
becom e m ore scattered  and have fewer po in ts  tow ards the posterior end (Fig. 8B). 
T he n u m b er o f spines increases w ith  increasing size o f the w orm  (Fig. 9C ). T he tips 
o f  the  se rra ted  spines may be com pletely w ithd raw n  in to  the tegum ent (Figs 8D, 
9 D ). Sm all spherical bodies are apparen tly  released from the tips o f the spines, 
especially o f young specim ens (Fig. 9A, D ). Sim ilar bodies are com m on on the
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general surface o r occur in row s just an terio r to the spines o f m ature w orm s (Fig. 
9B -D ). T he function  o f these bodies is unknow n. O penings in the tegum ent be
tw een  the  spines may be the apertures o f the unicellular glands (Fig. 9B).

D IS C U S S IO N

Z elikm an  (1966) found  a cercaria twice, w hich he suggested belonged to Z oogo
n idae, am ong an  unm entioned  num ber o f O noba aculeus from  the littoral W hite 
Sea. A lthough the descrip tion  and figures are inadequate, the m easurem ents, the 
position  o f  the  suckers, the shape o f the cercarial tail, and the m orphology of the 
red ia  (described as a sporocyst) indicate th a t these larval stages probably  belonged 
to  L. elongatum .

L. elongatum  has been found in cod living in Lake M ogilnoe on the Kildin Island 
(D ogiel 1936). Lake M ogilnoe has been separated  from  the Barents Sea for a t least 
five hundred  years. Some m arine anim als have survived in the lake, bu t com pared 
w ith  the  fauna o f  the su rround ing  Barents Sea the m arine invertebrate fauna in the 
lake is p o o r. O nly four prosobranchs have been found: M argarites helicinus 
(Fabricius), Littorina littorea  (L.), O . aculeus and Skeneopsis planorbis (Fabricius). 
O . aculeus  m ay thus also there  act as first interm ediate host o f L. elongatum .

H ow ever, nearly  1400 O . aculeus from the littoral and upper sublittoral zone of 
the  B arents Sea have been exam ined by C hubrik  (1966) and Podlipaev (1979), bu t 
only  w ell k n ow n  cercariae w ere found.

Cercaria bistilosa  C hubrik , 1966, w hich is extrem ely com m on in the Barents Sea 
litto ra l troch id  snails (C hubrik  1966) is, ap a rt from  the tw o stylets (?), very sim ilar 
to  the  cercaria o f  L. elongatum . H ow ever, the m ore detailed redescription of C. 
bistilosa  by M arasaev  (1984) shows th a t this cercaria is no t identical w ith  the 
cercaria o f  L. e longatum . It is unlikely th a t C. bistilosa  belongs to  another species 
o f  Lepidapedon . A part from  L. rachion  (C obbold, 1858), w hich is rare in the 
B arents Sea, the rem aining Lepidapedon  species in the Barents and  W hite Seas 
are  a lternate ly  m entioned  as L. elongatum  and L. gadi (Yam aguti, 1934) (see Koie 
1984 , and  T im ofeeva &  M arasaeva 1984). The descriptions and  figures o f these 
specim ens do n o t justify a separation  in to  tw o  species. L. gadi, which is described 
from  G adus m acrocephalus  Tilesius from  the Sea o f Japan  (Yamaguti 1934), is 
considered  a synonym  o f  L. elongatum  by H anson (1950).

A m osova (1955) found  up to  m ore th an  one thousand  m etacercariae o f L. gadi 
in  ind iv idual N ereis pelagica  L. from  the Barents Sea. 8 8 %  of the littoral N. 
pelagica  w ere infested, w hereas all sub litto ral w orm s w ere uninfested. The m eta
cercariae  occurred  in the body w all, especially a t the basis of the parapod ia , bu t 
m o st w ere fo u n d  in the first segments. The m orphology of the m etacercaria is 
iden tical w ith  th a t o f  the m etacercaria o f L. elongatum .

O . aculeus , w hich is the only arctic A tlantic species o f the genus (W arén 1974), 
is com m on in D anish  w aters (W arén, pers. com m ., see Koie 1984). It is found on
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the  N orw eg ian  w est coast, the Kola Peninsula, Svalbard, Iceland, East G reenland 
from  Frans Joseph Fjord and southw ard , the w est coast o f G reenland from  God- 
havn  and  sou thw ard , the east coast o f C anada and  the M aine and M assachusetts 
coasts o f  the no rth -east U nited States (W arén 1974). It is a shallow -w ater species 
living a t depths of 0 -2 0  m (W arén, pers. com m .), probably deeper in the Baltic Sea. 
In B ritish w aters, it has no t been found south  o f the N orthum berland  coast in 
n o rth -e a s t England (Seaw ard 1982), w hich is the  type-locality  o f L. elongatum . It 
is u n k n o w n  w hether O . aculeus occurs in the Pacific O cean (W arén, pers. comm.).

In  the  A tlantic O cean and  adjacent seas the  geographical d istribution  o f L. 
elongatum  in the type-host G. m orhua  apparently  coincides w ith that o f O. aculeus. 
T his species is com m on in the littoral Barents Sea, bu t it is unknow n why it has not 
been fou n d  infested there, especially since N . pelagica from  this area is highly 
infested  w ith  m etacercariae o f L. gadi (a supposed synonym  o f L. elongatum ).

T h e  d istribu tion  of L. elongatum  is d ifficult to  define as several o ther species 
ap p aren tly  have been w rongly assigned to  this species. The question o f distribution 
is ad d itiona lly  com plicated by the description o f apparently  identical species under 
o th e r  nam es, e.g. L. m icrocotyleum  (O dhner), L. gadi, and others (see e.g. Bray 
1973 , 1979).

T h e  specim ens found in G. m orhua  and  G. ogac from the N o rth  Sea, the 0 re -  
su n d , and  G reenland  w aters m ostly agree w ith  L. elongatum  as described by 
L ebour (1908), Dogiel (1936) and  L inton (1940) from  the type-host G. m orhua. 
T h e  specim en illustrated  by Lebour (1908) differs by its lack o f intergenital and 
p o st-te s ticu la r vitellaria. H ow ever, the d istribu tion  o f the vitellaria is variable and 
n o t a good  feature to  use for differentiating species in this group. The unicellular 
g lands o f  the forebody have been overlooked by all au thors except L inton (1940), 
a lth o u g h  they, especially in living specim ens, are very conspicuous.

A p a rt from  L. elonga tum , only L. m icrocotyleum  (and L. rachion  w hich may 
n o t be confused w ith  L. elongatum ) has been described from  Danish and  adjacent 
w a te rs . O d h n er (1905) m entioned the findings o f a new species o f  Lepodora  in the 
py loric  caeca and  an te rio r p a rt o f the in testine of G. m orhua  from  Kristineberg, 
w estern  Sweden. T he specim ens w ere no t described. O dhner’s slides, some of 
w h ich  w ere labelled Lepodora m icrocotylea  w ere studied by Dollfus (1953), who 
described  L epidapedon  m icrocotyleum  based on O dhner’s specimens and own 
m ateria l from  G. m orhua  from  the Faroes and  Iceland. L. m icrocotyleum  differs 
accord ing  to  D ollfus (1953) from  L. elongatum  in the greater separation  o f the 
ovary  an d  testes by invasion o f v itellaria betw een them  and across the preovarian 
a rea , an d  in having few er and larger eggs. D ollfus (1953) also considered th a t L. 
elongatum  o f L inton (1940) from  G. m orhua  and o ther hosts from W oods Hole, 
USA, and  o f  Dogiel (1936) from the cod from  the Barents Sea, belonged to L. micro
cotyleum . Polyanski (1955) suggested th a t the la tter belonged to L. gadi. However, 
the specimens assigned to L. microcotyleum  by Dollfus (1953) show great m orpho
logical varia tion , apparen tly  m ostly due to various m ethods o f  treatm ent and  fixa
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tion , and  there  is no justification to describe them  as a separate species. I conclude, 
th a t  L. m icroco ty leum  is n o t a valid species b u t a synonym  o f L. elongatum , in 
accordance w ith  the op in ion  o f Thulin  (1971).

T here  is considerable taxonom ic  confusion w ith in  the genus Lepidapedon, and 
H an so n  (1950), Skrjabin &c Koval (1960), Srivastava (1966), and  M cCauley 
(1968) have all p repared  keys to  the species o f this genus. H anson  (1950) did not 
include L. m icroco tyleum  in  her key. As m entioned above she regards L. gadi as a 
synonym  o f  L. elongatum . Srivastava (1966) considered L. m icrocotyleum  as a 
synonym  o f  L. gadi, w hich w as regarded as a valid species. Skrjabin &c Koval 
(1960), M cC auley  (1968) and  Y am aguti (1971) considered L. elongatum , L . gadi 
and  L. m icroco ty leum  as all being valid species.

In  D an ish  and  ad jacent w aters, including the Faroese w aters, L. elongatum  was 
m ost com m on a t sta tions a t  depths o f 40 m o r less (Koie 1984). In o ther areas L. 
elongatum  has been found a t depths between 300 and  650 m (M anter 1934, Bray 
1973 , 1979). H ow ever, these deep-w ater lepocreadiids p robably  belong to o ther 
species. M a n te r  (1954) regarded, in accordance w ith  Dollfus (1953), his previous 
descrip tion  o f L. elongatum  from  the F lorida coast (M anter 1934) no t to  belong to 
th is species as the b ifu rcation  o f the intestine w as too  near the acetabulum . Bray 
(1973, 1979) found  L. elongatum  in Lepidion eques (Günther) from  the Bay of 
Biscay and  C anad ian  A tlantic w aters. The specimens (1973) differ from  L. elonga
tu m  from  the type-host G. m orhua, in th a t the diam eter o f the pharynx  is of 
sim ilar size, o r larger th an  the ventral sucker, and th a t the testes occur close 
to g e th e r in the m iddle o f  the h indbody. L. elongatum  from  C anadian  w aters (Bray 
1979) has an o ra l sucker w hich is m uch sm aller than the ventral sucker, and the 
b ifu rca tion  o f the in testine is too  close to the ventral sucker.

T he fam ily Lepocreadiidae com prises an enorm ous num ber o f  species, which 
occur nearly  exclusively in the digestive trac t o f m arine fishes. L. elongatum , L. 
rachion  and  O pechona bacillaris (M olin, 1859) are com m on in D anish gadoid 
fishes (Koie 1984). T he know n life-cycles of lepocreadiid trem atodes have been 
review ed by e.g., Y am aguti (1975), Koie (1975) and  S tunkard  (1979), and lepo
cread iid  life-cycles have la ter been described by S tunkard  (1980a, b) and W atson 
(1984). U nencysted m etacercariae of N eopechona pyriform e  (Linton, 1900), N. 
cablei S tu n k ard , 1980, Lepocreadium  areolatum  (L inton, 1900), and  O . bacillaris 
occu r in m edusae and  ctenophores. The genus Lepocreadium  h a rb o u r in addition 
apparen tly  one m etacercaria w hich encysts and  one w hich occurs unencysted in 
m olluscs (see Y am aguti 1975). The m etacercaria o f Lepidauchen stenostom a  
N ico li, 1913 occurs unencysted in prosobranchs (Prévôt 1968), th a t o f H olorchis 
p ycn o p o ru s  Stossich, 1901 encysts in bivalves (Bartoli &  Prévôt 1978), and en
cysted m etacercariae  o f Paralepidapedon hoplognathi (Yam aguti, 1938) have been 
fo u n d  in  sea urchins. T he cercaria o f the la tte r is unknow n (Shimazu &  Shim ura 
1984). T h e  above-m entioned  lepocreadiids, w hich together w ith  the genus Lepida
p edon  are placed by m ost au thors in Lepocreadiinae, h arbour thus bo th  unen-
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cysted and  encysted m etacercariae. T hree species belonging to Sphincterostom a- 
tin ae  encyst in freshw ater fishes (Y am aguti 1975, W atson  1984). All previously 
described lepocreadiid  cercariae are ophthalm otrichocercous.

T he cercaria  of L. elongatum  differs from  all know n lepocreadiid cercariae by 
th e  absence o f  eyespots and  by the shape o f the tail. L. elongatum  is the only 
species w ith  know n life-cycle w ith in  the large genus Lepidapedon, w hich has a 
w o rld -w id e  d istribu tion . T he cercaria o f  L. elongatum  and  th a t o f H. pycnoporus  
develop in snails belonging to  R issoacea, w hereas the rem aining know n lepocrea- 
d iin  cercariae  develop in snails belonging to  Buccinacea, and m ost have m embers 
o f  the  genus N assarius as first in term ediate host (see also Koie 1975). O ne lepo
cread iid  cercaria  w ith  unknow n adu lt stage develops in a snail belonging to  Cona- 
cea (see B arto li 1984).

T he tegum ent o f the  redia o f  L. elongatum  is very sim ilar to  th a t o f C ryptocotyle  
lingua  (C rep lin , 1825) (Irw in et al. 1978). T he redial structure presum ed to  be a 
sensory  organ  w hich form s an irregular p ro jection  and is w ithou t a cilium, is most 
s im ilar to  a sp ira l-shaped  projection described by Bennett (1975). T he uniciliate 
sensory  struc tu re  w ith o u t a tube-like collar is extrem ely com m on in all develop
m enta l stages o f digeneans and has previously been described from  o ther redial 
species exam ined by m eans o f the stereoscan o r  transm ission electron m icroscopes 
(Koie 1 971a , Koie et al. 1977, H oskin  1975, Irw in et al. 1978, Page et al. 1980, 
and  Rees 1980, 1981). Sensory cilia su rrounded  by a tube-like tegum ental collar 
have previously  been found in an  opecoelid cercaria (Koie 1981). T he large, slight
ly dom ed papillae on the rim  o f the ventral suckers o f the cercaria, and  on both 
suckers o f  la te r developm ental stages are apparen tly  sim ilar to the contact recep
to rs  described  by B ennett (1975) and  the b u tto n  papillae described by H oole &  
M itchell (1981).

T he change from  simple po in ted  spines in cercariae to  scale-like m ultipointed 
spines in la te r developm ental stages has been found in several families. The single 
po in ted  spines are found  in m igratory  developm ental stages and the scale-like 
se rra ted  spines in m ore s ta tionary  stages w here they may have an abrasive effect on 
th e  host tissue for feeding purposes, and help in anchoring the parasite  to  the host 
tissue (Koie 1977, D avies 1979, see also Shoop &  Corkum  1984). T he spherical 
bodies w hich  apparen tly  are expelled from  the tips of the spines have not been 
observed  previously, and  neither has the phenom enon th a t the tips o f  the spines 
m ay  be w ith d raw n  in to  the tegum ent.

T he unicellu lar glands w hich are m ost frequent anteriorly and  laterally in in
fective m etacercariae  and adu lt L. elongatum  m ay be com parable w ith  the unicel
lu la r glands o f  M. sim ilis (see Davies 1979). In  bo th  parasites the glands occur in 
the  forebody  only, and  the openings o f the glands w ere found betw een the scale
like se rra ted  spines. Davies (1979) found  th a t the glands secrete cholinesterase, 
w hich  m ay serve to  com pensate for the irrita ting  effect of the too thed  spines by 
neu tra liz ing  host acetylcholine and so reducing the m ovem ent o f the villi in the
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im m ediate vicinity o f the fluke thereby reducing the likelihood o f dislodgem ent 
and  expulsion . As the chem ical na tu re  o f the secretion o f the glands o f L. elonga
tu m  is n o t kno w n , it is also unknow n w hether they may have a sim ilar function in 
this species.

T he possib le  functions o f the microvilli w hich encircle one o r both  suckers of 
som e cercariae  w ere discussed by Koie (1981). H igo &c Ishii (1983) observed 
m icrovilli a ro u n d  the m outh  opening o f cercariae o f Paragonimus. These and the 
p resen t observations show  th a t the m icrovilli occur in several digenean families 
w hose cercariae  encyst in a second interm ediate host.

T he sh o rt m icrovillus-like structures found on the surface o f undeveloped ex tra
redial cercariae  may increase the absorptive surface o f the grow ing cercariae, 
w hich  a t th is  developm ental stage probably  only absorp nutrients th rough  the 
ex ternal surface. The m icrovilli found th roughou t the body surface of undeveloped 
in traspo rocyst cercariae o f Z oogonoides viviparus (O lsson, 1868) w ere suggested 
to  have a sim ilar function (Koie 1971b).
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