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A B S T R A C T

A n ap h a ry n g e a te  fu rcocercous cercaria  w hich develops in th e  polychaete A rtacam a  proboscidea  
M a lm g ren , 1865 (A nnelida, T erebe llidae), is show n  experim entally  to  develop in to  A poroco ty le  
s im p le x  O d h n e r, 1900  (T rem ato d a , S anguinicolidae). A . s im p lex  is a com m on b lood  fluke in 
H ip p o g lo sso id es p la tesso ides  (Fabricius), L im a n d a  lim anda  (L .), and  P leuronectes p latessa  L. from  
D an ish  w aters.

A b o u t 7  %  o f  A. proboscidea  from  0 re s u n d  w ere  infested . A t least tw o  redial generations occur. 
M o re  th a n  1000 red iae  w ere found  com m only  in in d iv idual polychaetes. T h e  red iae, w hich  occur 
free in th e  coelom ic  cav ity , ca s tra te  th e  host.

T h e  red ia , ce rca ria  an d  young  specim ens from  fish a re  described. B oth ligh t m icroscopy and 
sc an n in g  e lec tron  m icroscopy  w ere used.

T h e  cercaria  has a cephalic  o rgan  w ith  6 -9  circlets o f  sp ines. S im ilar sp ines are  com m on on  the 
a n te r io r  h a lf  o f  th e  body . Five p a irs  o f  p en e tra tio n  g lands occu r in the b o d y , and  one pyrifo rm  
g la n d  o ccu rs  en tire ly  w ith in  th e  cephalic  o rgan . T h e  digestive system  consists o f  a long oesophagus 
a n d  tw o  sh o r t  caeca. T h e  a n te r io r  p a r t  o f  th e  cercaria  has a p itted  tegum ent s im ilar to  th a t  o f  
sc h isto so m e cercariae.

L . lim anda , P. p la tessa  and  P la tich thys flesus  (L.) w ere used as experim ental hosts . T h e  cercaria  
p e n e tra te s  th e  sk in  o f  th e  fishes, an d  up to  s ix -m o n th -o ld  w orm s w ere found  in the lym phatic  
sy s tem  all over th e  fish body. H a lf  o f  th e  1 32-day-o ld  specim ens occurred  in th e  b ranch ia l vessels. 
S ix -m o n th -o ld  specim ens from  b o th  th e  lym phatic  and  the b lo o d  system  h ad  u terine  eggs.

D u rin g  the firs t tw o -th re e  m o n th s in th e  fish h o st, long po in ted  spines ap p ea r on  tubercles 
la te ra lly , a n d  th e  b o d y  shape changes from  cy lindrical to  lanceolate . T h e  cephalic  spines rem ain 
th ro u g h o u t th e  life o f  th e  w orm .

T h e  cercaria  o f  A. sim p le x  is com pared  w ith  o th e r  m arine  sanguin icolid  cercariae and especially 
w ith  th e  th ree  ce rcariae  previously  described  from  polychaetes. T he h o lo type  o f  Cercaria hart­
m a n a e  M a rtin , 1952  w as reexam ined . T he phylogeny o f  b lood  flukes (Sanguinicolidae, S p iro rch i­
idae  a n d  S chistosom atidae) based on the developm ental stages in the interm ediate hosts is discussed.
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IN T R O D U C T IO N

T he blood fluke A porocotyle  sim plex  O dhner, 1900 is com m on in the following 
p leuronectid  fishes from  D anish  w aters: long rough dab  H ippoglossoides pla­
tessoides (Fabricius), dab Lim anda limanda  (L.), and plaice Pleuronectes platessa 
L., bu t the cercaria has until now been unknow n. The adult A . sim plex  has 
recently been redescribed (Thulin 1980a, b).

M arine cercariae suggested to develop into blood flukes o f fish have pre­
viously been recorded in bivalve m olluscs and  polychaete annelids. Bivalves and 
polychaetes from  O resund  have for several years been exam ined in order to find 
the larval stages o f A . sim plex. In December 1981 rediae containing apharyngeate 
furcocercous cercariae were found in the terebellid polychaete Artacam a probos­
cidea  M alm gren, 1865. The cercaria w as proven experim entally to develop into 
A . sim plex. It is the  first know n life-cycle o f a m arine fish blood fluke.

I th a n k  M iss H a rrie t H ansen  fo r th e  p rep a ra tio n  o f  serial sections, and  D r J .R . L ichtenfels, United 
S tates N a tio n a l M u seu m , H elm in tho log ica l C ollec tion , Beltsville, fo r lending  m e type m aterial o f 
Cercaria h a rtm anae  M a rtin , 1952.

T h e  in terference c o n tra s t  m icroscope used  in th is study w as financed by th e  D anish  N atu ra l 
Science R esearch  C ounc il.

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

T he in term ediate host, Artacam a proboscidea  M alm gren, 1865 (Polychaeta, 
Terebellidae) w as dredged in O resund no rth  o f the island Veen a t a depth of 
40  m etres.

M ost polychaetes w ere dissected im m ediately after arrival to  the laboratory. 
T o  study the em ergence of the cercariae, heavily infested polychaetes — with 
rediae visible th rough  the body wall -  were placed in sm all glass containers 
w ith o u t substra tum .

Polychaetes in tended  for sectioning were kept for tw o-th ree days w ithout 
substra tum  to  em pty their intestines for sand grains.

T he rediae, cercariae and  young developm ental stages from  fish were studied 
alive, unstained o r stained in vivo  w ith  neutral red. The different developm ental 
stages were fixed unpressed o r slightly pressed in Bouin’s fluid or 10 %  formalin.

M ateria l in tended  for scanning electron microscopical study was fixed for 
2-3 hours in 2 .5  % glu taraldehyde buffered w ith cacodylate to  abou t pH  7.4, 
postfixed for ab o u t 1 hou r in cacodylate-buffered osmium tetroxide, dehydrated 
in e thano l, transferred  to  benzene and freeze-dried. The specim ens were studied 
in a C am bridge 600 S tereoscan m icroscope.

Specimens and  pieces o f  uninfested and infested A. proboscidea  and pieces of 
infected dabs L im anda  lim anda  (L.) were fixed in Bouin’s fluid and  embedded 
in tissuem at. Serial sections (5 fxm) w ere stained w ith  H eidenhain’s azan, a
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0 .0 2  %  aqueous solu tion o f to lu idine blue, alcian blue in com bination w ith the 
PA S-reaction, w ith  o r  w ithou t M ayer’s acid haem atoxylin.

R ediae conta in ing  fully developed cercariae were fixed as the m aterial in­
ten d ed  fo r scanning electron m icroscopy, dehydrated  in e thanol and propylene 
o x id  and  em bedded in epon. Serial sections (2 fim )  were stained w ith toluidine 
blue.

R E SU L T S

The redial generations

T h e  sporocyst w hich  occurs fully developed inside the m iracidium  (Thulin 
1 9 8 0 a) w as n o t found, although tw o w hole and  tw o an terio r ends of the poly­
chaete host harbouring  young infestations were serially sectioned. The sporocyst 
p ro b ab ly  dies after having p roduced  a lim ited num ber o f rediae.

Young infestations harbour a few rediae which contain small daughter rediae 
and  undeveloped cercariae (Fig. IB ). The first-generation rediae may alternately 
p ro d u ce  rediae and cercariae as long as they live. Rediae o f the second and 
p e rh ap s  subsequent generations m ay do the sam e until the polychaete is filled 
w ith  them  and  thereafter only cercariae are produced. A bou t 1000-1200 cer- 
c a ria -p ro d u cin g  rediae were found com m only in individual polychaetes.

FlG. 1. R ed iae  o f  A p o ro c o ty le  s im p lex . L iving, slightly  f la ttened  specim ens. A, im m atu re  redia. 
13, re d ia  co n ta in in g  d au g h te r  rediae an d  undeveloped  cercariae  (first-g en era tio n  red ia). C , redia 

co n ta in in g  cercariae  only  (second-genera tion  redia).
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In one A . proboscidea  one redia differed from  the rem aining abou t 1000 
cercaria-producing rediae. This redia contained one redia in addition to cercariae 
in all developm ental stages, including fully developed cercariae. The enclosed 
red ia  w hich also contained  fully developed cercariae had  a large spherical, 
em pty-looking caecum . T he large redia may represent a redia w hich has not 
released one o f the daugh ter rediae.

T he rediae contain ing  sm all rediae in addition  to undeveloped cercariae, and 
rediae contain ing cercariae only w ere identical in shape and size.

Living slightly flattened rediae were 250 ¡xm to 1.0 mm long and 40-280  /xm 
w ide. The pharynx  m easured 22-40  /xm  in length and 18-26 ¡xm in  width. 
M easurem ents o f rediae fixed unpressed in form alin are given in Table 2.

M o st rediae less th an  ab o u t 400 /xm in length were cylindrical, contained 
germ inal balls only and  had  a tubu lar, em pty-looking caecum (Fig. 1A). The 
flam e cell form ula is 2 [2  +  2] =  8.

F irst-generation  rediae contained up to  8 small rediae in the an terio r part, 
and  undeveloped cercariae and  germ inal balls in the posterior p a rt o f the brood 
cham ber (Fig. IB ).

Second-generation  rediae contained up to 30 apparently  fully-developed 
cercariae d istribu ted  especially anteriorly  and posteriorly  in the b rood  cham ber 
w ith  the undeveloped cercariae in between. The sm allest redia w ith apparently 
fully developed cercariae m easured 380 x  160 ¿¿m.

The small rediae and  the fully developed cercariae emerged th rough  the birth 
po re  opposite  the caecum  and close to the pharynx (Figs IB , C, 2A).

M o st large rediae w ere curved w ith the saccular caecum tow ards the concave 
side. The caecum  w as m ost often filled w ith a brow n granular m aterial. In some

FiG. 2. S tereoscan  m ic ro g rap h s o f  red iae o f  A p o ro co ty le  s im plex. A, an te rio r  end o f  a large second- 
g en e ra tio n  red ia  sh o w in g  th e  m o u th  su rro u n d ed  by cilia (C l)  and  the b ir th  po re  (a rro w ). B, detail

show ing  the lace-like tegum ent.
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F ig . 3 . C e rcariae  o f  A p o ro co ty le  s im p lex . A , ventral view  of living, slightly  fla ttened  specim en. 
B, la te ra l view o f  unpressed  specim en. O n ly  the left p en e tra tio n  glands are show n . C , sw im m ing

and  resting  p ositions o f cercariae.

cases h ost cells w ere recognizable in the caecum . T he length of the caeca of both 
sm all and  fully developed rediae ranged from  one half to one th ird  o f the length 
o f  the  rediae.

T h e  p o ste rio r end of bo th  sm all and fully developed rediae varied between 
being pointed w hen extended and having small lateral processes when contracted.

T h e  m outh  is su rrounded  by abou t 12 annular-shaped  elevations, from  the 
cen te r o f w hich a sh o rt cilium projects. S horter cilia projecting at the general 
surface level occur closer to  the m outh  opening (Fig. 2A).

T h e  ex ternal surface o f the rediae has a lace-like appearance (Fig. 2B). This 
enorm ous increase in the external surface indicates th a t absorp tion  of soluble 
o rg an ic  n u trien ts  m ay play an im portan t role for this redia w hich is surrounded 
by the  n u trien t-rich  coelom ic fluid.
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O ther redial surfaces know n a t the u ltrastructu ra l level have microvilli or 
ridges (see Koie 1971). The different surface topography may be explained by 
the different ecological conditions under which the different rediae live. Although 
nu trien ts are absorbed  th rough  the external surface of rediae in snails (Koie 
1971), the m icrovilli o r  ridges may play an im portan t role in the digestion o f the 
su rround ing  snail tissue. T he redial surface of A. sim plex  is p robably  no t re­
sponsible for the  d isin tegration  o f host tissue, as it rarely is in close contact w ith 
h ost cells con trary  to  rediae in snails.

The cercaria

As spontaneously  em erged cercariae w ere unavailable the m ost developed cer­
cariae from  the rediae w ere used for the description. Some o f these cercariae 
w ere infective and  therefore supposed to be fully developed.

T he cercaria has the  general sanguinicolid features. It is apharyngeate, non- 
ocellate, m onostom atous, furcocercous and provided with a characteristic cephalic 
organ (=  head o rgan , =  penetra tion  organ).

The body o f living, slightly flattened cercariae is 140-170 /am (m ean of ten 
specim ens: 160 /xm) long and  36 -4 6  /xm (mean: 40 /xm) in m axim um  w idth 
(Figs 3A, 6A). T he body o f  unpressed cercariae can be extended to a length of 
a b o u t 22 0  /xm. Some m easurem ents o f cercariae fixed unpressed in form alin are 
given in Table 2.

The length o f the tail o f slightly flattened cercariae is 100-230 /xm (mean: 
190 /xm) and the w id th  is 12-20 /xm (m ean: 14 /xm). The furcae are 34 -4 6  /xm 
(m ean: 40  /xm) long. D uring swim m ing the tail may be extended to  several 
tim es the length o f the body  (Fig. 3C).

T he body is cylindrical to  pyriform  depending on the state of contraction. A 
constriction  appears betw een the cephalic organ and the rem aining body.

T he oval to spherical cephalic organ is 28-46  /xm (m ean: 34 /xm) long. The 
an terio r extrem ity is rounded  or has a subterm inal depression depending on the 
degree o f  con trac tion  o f the pro trusib le cephalic organ (Fig. 4 ). The cephalic 
o rgan  is p rovided w ith  six to nine circlets of spines about 3 /xm long. There are 
ab o u t 44  spines in the  posterio r circlet and fewer in the m ore an terio r circlets.

The subterm inal ven tral m outh  appears as a sm all transverse slit (Fig. 4C , E). 
The an terio r p a r t  o f the long, narrow , slightly sinous oesophagus continues

FlG. 4 . C ercariae  o f  A p o ro c o ty le  s im p le x . A, do rsa l view. B, ventral view , a rro w  show s position 
o f  m ou th . C , ventral view  o f  cephalic o rgan. N o te  m outh , longitudinal ridges, cilia (C l) , and cephalic 
an d  b o d y  spines (S). A pertu re s o f  the five left p en e tra tio n  glands m ark ed  by arrow s. A d rop let is 
secre ted  from  o ne o f  th e  rig h t g lands. D , fro n t v iew  o f  cephalic o rgan . V entral side o f  cercaria  is 
to w a rd s  low er le f t co rn er. N o te  th e  p itted  tegum en t and the secreted d rop le t. E, detail o f Fig. 4A 
sh o w in g  d o rsa l v iew  o f  ta il w ith  sp ines a n d  cilia. F, cephalic o rgan w ith  invag inated  an te rio r  tip.
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ventrally , b u t posterio r to  the brain  it occurs m ore dorsally (Fig. 3B). Just 
po ste rio r to the m iddle o f  the body it bifurcates in to  sho rt caeca, which run 
posteriad . T he lum en o f the  caeca, w hich stains heavily w ith neutral red, (Fig. 
6A) is su rrounded  by th ick  structureless walls. O ne, rarely tw o or three, highly 
refractile bodies occur a t the end o f the oesophagus o r in the caeca. These 
bodies w ere in flattened cercariae released through the m outh  and they may 
represent crystalline excretory  products.

A pyriform , unicellular cephalic gland (=  head gland) occurs medially, slightly 
dorsally  and  entirely w ith in  the cephalic organ. The contents are PAS-positive, 
stain  blue w ith  H eidenhain ’s azan and red w ith neutral red. The aperture  was 
n o t seen, and it is supposed th a t the gland opens into the tegument. The tegument 
all over the cercarial body is PAS-positive and stains blue with H eidenhain’s azan.

T he greatest p a rt o f the body is occupied by the five pairs o f unicellular 
penetra tion  glands. T he ducts o f the three m ost an terior pairs occur close to the 
oesophagus, w hereas the ducts o f the tw o m ore posterior pairs occur more 
laterally. T he nucleated  p arts  o f the an terior glands occur m ore ventrally than 
those o f the p o ste rio r glands (Fig. 3B).

T he contents o f bo th  types o f glands are secreted through ten separated 
oblong  apertu res located  an teriorly  in tw o lateral crescents (Fig. 4C , D). The 
apertures of the an te rio r glands are located m ost ventrally and those of the 
posterio r glands are located m ore dorsally. The contents of both  types of glands 
are easily secreted from  slightly pressed cercariae, bu t droplets were also released 
from  unpressed specim ens (Fig. 4 C , D).

T he contents o f the  an te rio r glands are PAS-positive and stain  blue-violet 
w ith  H eidenhain ’s azan. T he contents o f the posterior glands are PAS-negative, 
and  stain  blue w ith  alcian  blue and  H eidenhain’s azan. Both types stain  with 
neutral red, bu t the posterior glands m ost heavily and nearly immediately (Fig. 6A).

FlG. 5 . C ercaria  o f  A p o ro c o ty le  s im p le x  w hich has shed th e  tail and  secreted large d rop le ts from  
all ten  p en e tra tio n  g lands. A , v e n tro -la te ra l view . A rro w  indicates th e  position  o f  th e  m outh . N ote 
sp in a tio n  on  p o s te rio r  p a r t  o f  th e  body  and  secre ted  m aterial w hich cover the long itud inal ridges 

a n d  sp ines an te rio rly . B, la tera l view of an te rio r  end.
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FlC. 6. C e rcariae  a n d  young  specim ens o f  A p o ro co ty le  s im p lex  s ta ined  in v ivo  w ith  neu tra l red. 
A , tw o  cercariae. B, 3 0 -d ay -o ld  specim en. N o te  rem nants o f penetration  glands (arrow s). C , 50-day-

old specim en.

T h e  natu ra l shedding o f the tail after long periods of swimming, o r mechanical 
sep a ra tio n  o f the ta il from  the body, stim ulates the release o f m aterial from  the 
ten  pen e tra tio n  glands (Fig. 5). S im ultaneously the tegum ent o f the anterior 
p a r t  o f  the body  is covered by a secreted m aterial. This m aterial stains the same 
w ay as the conten ts of the cephalic gland and  may originate from this gland. 
T h e  function  m ight be to  p ro tec t the tegum ent during the initial stay in the fish 
h o s t.

Spines identical w ith the cephalic spines are scattered on the cercarial body. 
D orsally  the spines are lim ited to  the an te rio r half o f the body (Fig. 4A), 
ven trally  they occur nearly to  the posterior end bu t m ost abundan t anteriorly. 
H ow ever, close to  the m outh  no spines are found.

A papilla , from  the center o f which an ab o u t 0 .5 -1 .0  (xm long cilium projects, 
occurs on each side of the m outh . Sim ilar papillae are found ventrally and 
a n te rio r  to the m outh , betw een the cephalic spines and at the extrem e anterior 
end. A few sim ilar papillae occur laterally  on  the posterior th ird  of the body. 
B etw een the apertures of the penetration  glands are found a few cilia about 
2 /xm long.

T h e  cercarial surface has longitudinal ridges. The tegum ent of the anterior 
end and  especially th a t o f the cephalic organ  is increased in area by num erous 
infoldings w hich give the tegum ent a p itted  appearance (Fig. 4D ).

A genital p rim ord ium  is situated  ventrally close to the spherical to pyriform  
excre to ry  vesicle. The right excretory  duct is longer than the left, resulting in an 
asym m etrical arrangem ent of the flame cells. The flame cell formula is 2[1 +  1] =  4.
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Proxim ally the caudal excretory  system is separated  into tw o ducts. A single 
du c t extends th rough  m ost o f the tail stem , bu t bifurcates before the bifurcation 
o f the tail itself. The ducts discharge through minute vesicles at the tip of each furca.

T he surface o f the ta il is g ranu la ted  (Fig. 4E) and  provided w ith transverse 
la teral folds (Fig. 4 A, B). M edially, both  dorsally and  ventrally, the tail has a 
row  o f pointed  spines. Proxim ally and distally the spines occur singly, bu t at 
ab o u t the m iddle th ird  o f  the tail tw o  o r  three spines may occur close to each 
o th e r laterally (Fig. 4E ). In the sam e area are up to  15 /xm long cilia found 
slightly lateral to  the spines.

The cercariae show ed no o rien tation  w ith respect to light. They are relative 
p o o r  swim m ers w hich rarely rise m ore than  a few cm above the bo ttom  o f the 
container. The violent v ib ration  o f  the tail carries the cercaria upw ards w ith the 
tail in advance. T he sh o rt period  o f activity is followed by a rest period during 
w hich the cercaria slowly sinks w ith the tail stretched out. Still free in the water, 
o r after having reached the bo ttom , the cercaria curls up (Fig. 3C ). It remains in 
this position until disturbed. The m ost developed cercariae from dissected rediae 
could  be m ain tained  alive for ab o u t three days (6°C). It is unknow n w hether 
they rem ain infective fo r all this period.

The cercaria o f A . sim plex  has several features in common w ith the schistosome 
cercariae, the only o ther cercariae o f blood-flukes studied using scanning electron 
m icroscopy. B oth the cercaria o f A. sim plex  and schistosom e cercariae have a 
p itted  tegum ent, a feature w hich is no t found in cercariae m aturing in the 
alim entary  tra c t o f vertebrates.

The arrangem ent o f  the apertures o f the penetration  glands o f the cercaria of 
A . sim plex  is sim ilar to  th a t of schistosom e cercariae, except th a t the apertures 
o f the la tter are su rrounded  by tegum entary ridges (Robson &  Erasm us 1970, 
S hort &c C artre tt 1973, Sakam oto &  Ishii 1978).

Schistosom e cercariae also have tw o types of penetration  glands. How ever, 
the histochem ical reactions o f  these glands differ from  those o f the cercaria of 
A . sim plex  (see S tirew alt 1974). Schistosom e cercariae have a cephalic gland 
very sim ilar to  th a t o f the cercaria o f  A. sim plex. The schistosom e cephalic 
gland opens into the tegum ent at the anterior end of the oral sucker (Dorsey 1976).

T he interm ediate host, A r t a c a m a  p r o b o s c i d e a

A . proboscidea , a sedentary  tube-dw elling terebellid polychaete, is com m on on 
m uddy bo ttom  in the  no rth ern  and m iddle parts o f 0 re su n d . It is extremely 
com m on north  o f the island of Veen at a depth of 40 m where it is the dom inating 
polychaete.

Infested A . proboscidea  w ere first found in Dec. 1981, bu t due to ice the next 
dredge haul, w as n o t m ade before M arch  1982. In all 704 A. proboscidea  (15-60 
m m  long) were exam ined (Table 1). T he average incidence of infestation was
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TABLE I . A rta ca m a  proboscidea  (1 5 -6 0  m m  long) from  O resund , 40  m etres dep th , infested w ith
larval stages o f A p o ro co ty le  sim plex.

D ate
N u m b er

exam ined

First-
generation

rediae
only

First-, and 
second- 

generation 
rediae 

w. undevel. 
cercariae

M o st 
rediae 

w ith  fully 
developed 
cercariae

N um ber
infested

Incidence
%

14.12 .1981 22 1 1 1 3 (13.6;
4 . 3 .1 9 8 2 44 2 1 3 (6.8)

24 . 3 .1 9 8 2 76 2 4 6 (7.9)
14. 4 .1 9 8 2 49 1 2 3 (6.1)
2 4 . 5 .1 9 8 2 183 1 3 5 9 (4.9)
15. 6 .1982 160 4 2 11 17 (10.6)
16. 7 .1 9 8 2 17 1 1 (5.9)

8. 9 .1982 153 1 5 6 (3.9)

704 48 6.8

6.8  %  w ith  no essential seasonal variations being observed. Young infestations 
w ere  found th ro u g h o u t the period  studied  (Table 1). Small, interm ediate and 
large A . proboscidea  show ed the same incidence o f infestation.

T he shape o f infested polychaetes did no t differ from  th a t o f uninfested 
w orm s, bu t in heavy infestations the rediae w ere visible from  the outside.

Even though in tac t infested polychaetes often  w ere placed in glass containers 
w ith o u t su b stra tu m  for several days (5 -1 0 °C) only a single free-swim m ing 
cercaria  w as observed. N o  rediae em erged from  these polychaetes. Exposure of 
infested  polychaetes to a lternating periods o f dark  and light, o r to  constant 
ligh t, failed to  stim ulate  em ergence o f cercariae.

Uninfested A . proboscidea  kept as m entioned above were observed to spawn. 
T h e  large eggs (Fig. 7G) were released th rough  the nephrid iopores anteriorly. 
T h e  cercariae m ay sim ilarly be released th rough  the five pairs o f m etanephridia 
w h ich  occur in  the an terior nine segments. H ow ever, the small size o f the 
cercariae  also m akes it likely th a t they m ay emerge through the body w all o f the 
host.

N o  ex tra red ial cercariae were found in the serially sectioned polychaetes. It is 
suggested th a t possib le ex trared ial cercariae have been shed during the dredging 
and  subsequent w ashing, and th a t the unfavourable conditions in the laboratory 
resu lt in the cessation o f release o f cercariae from  the rediae.

U ninfested A. proboscidea  contain  sexual products th roughou t the year, and 
spaw ning  apparen tly  occurs all the year round . In infested A. proboscidea  w ith 
a  few (less th an  ab o u t 50) first-generation rediae sexual products were still 
fou n d  (Fig. 7G ). D uring  grow th and m ultiplication of the rediae the gonads and
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free sexual p roducts  o f the host a trophy , presum ably due to com petition by the 
rediae for the available nutrients. As a consequence all A. proboscidea harbouring 
rediae becam e sterile due to  the castra tion  by the parasites.

Even in young infestations the rediae were found in the coelomic cavity 
th roughou t the polychaete body, show ing th a t they may perforate the th in  septa 
posteriorly .

Both uninfested and  heavily infested A. proboscidea  had ab u n d an t coelomo- 
cytes free in the coelom ic cavity. The coelom ocytes were spherical to  discoid 
w ith  transitiona l stages suggesting th a t they may represent stages in a single cell 
line (Fig. 7E). It w as n o t evident w hether the parasites stim ulate the cellular 
defence system o f  the h ost as the to ta l num ber of coelom ocytes appeared to be 
less in infested th an  in uninfested polychaetes.

Uninfested A . proboscidea  and polychaetes w ith a young infestation have a 
th ick  m uscular body w all (Fig. 7A). In infested A. proboscidea  the rediae cause 
atrophy  o f m uscles, especially the longitudinal muscles, w ith the result th a t the 
body w all o f  polychaetes w ith  old infestations becomes th in  (Fig. 7B, C). The 
m ore o r less d isin tegrating m uscle fibres w ere found free in the coelom ic cavity 
(Fig. 7F) and coelom ocytes functioning as phagocytes aggregated betw een and 
a round  the necro tic  h ost tissue, bu t no regular granulom ata were found. Large 
irregu lar aggregations o f m ore o r  less disintegrated host cells w ere occasionally 
found  in the coelom ic cavity (Fig. 7C , D). These aggregations were often closely 
su rrounded  by rediae. An apparen tly  identical m aterial was found in the lumen 
o f the redial caeca, suggesting th a t they ingest the disintegrated tissue as well as 
the coelom ocytes.

The intestine, the nerves and  the closed vascular system were n o t affected by 
the  rediae.

N o  dead rediae w ere found, and  in no cases were rediae encapsulated by 
coelom ocytes as has been described for o ther polychaetes infested w ith meta- 
cercariae and  o th e r parasites (see Dales 1978).

F ig . 7. A rtacam a proboscidea  infested w ith  rediae o f  A poroco tyle  sim plex. A, cross section through 
the m iddle p a r t o f  the body o f  a polychaete w ith  a  young infestation. T oluidine blue. B, sim ilar section 
o f  a heav ily  infested p o lychaete . N o te  th in  an d  d isin tegrating  (a rro w ) long itud inal m uscles. H ei­
denh a in ’s azan. C , cross section  o f  heavily infested polychaete. Rediae and an aggregation com posed 
o f  necro tic  h o st cells an d  coelom ocytes are  seen in th e  coelom ic cavity. H e id en h a in ’s azan . D, detail 
o f  Fig. 7C  sh ow ing  th e  agg reg a tio n  su rro u n d ed  by rediae. N o te  the m aterial in th e  lum en of redial 
caeca (arrow s). H e id e n h a in ’s azan . E, p a r t  o f  a  sep tum  and  peritoneum  from  w hich  it  is suggested 
th a t  the coelom ocytes are  derived. C oelom ocytes o f  d ifferen t shapes occur free in the coelom ic 
cavity . Som e o f  th e  cells a re  ap p a ren tly  p hagocy tic  (arrow s). A lcian blue-PA S. F, m ore o r  less 
d is in teg ra ted  m uscle fib res an d  coelom ocytes in th e  coelom ic cavity. A lcian blue-PA S. G , a young 
in festa tio n  w here red iae  an d  eggs occu r tog e th er. H eid en h a in ’s azan.

A bbrev ia tions: C M , c ircu la r  m uscle ; C O , coelom ocyte; EP, ep ithelium ; G S, gu t sinus; IN T , 
in testine ; L M , lo n g itu d in a l m uscle; M F , m uscle fibre; N C , ven tra l nerve co rd ; O B M , oblique 
m uscle; R , red ia ; S, se p tu m ; V, vessel o f closed vascu lar system .
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D ue to  the th in  body  m usculature  the infested polychaetes w ere m ore vulner­
able th an  uninfested polychaetes. T he body wall of heavily infested polychaetes 
rup tu red  easily, giving rise to  loss o f coelomic fluid and  projection o f the intestine 
th rough  the w ound. As a consequence these polychaetes soon die. Large A. pro­
boscidea  do no t show  a higher incidence o f infestation than younger specimens. 
T his indicates th a t infested polychaetes do no t survive for years.

E xperim en ta l infection o f  the fish host

The potential hosts for A . sim plex  in 0 re su n d  are long rough dab H . platessoides, 
d ab  L. lim anda, p laice P. platessa, and  flounder Platichthys flesus (L.). As H. 
platessoides  is d ifficult to  keep alive in aquaria  the three last-m entioned fishes 
w ere used as experim ental hosts. T he fishes, which m easured 6-12 cm in length, 
w ere kep t in aquaria  for six m onths to  one year before they were exposed to 
cercariae.

As natu ra lly  em erged cercariae were unavailable, cercariae from  dissected 
rediae were used. T w o to four fish w ere placed for about 20 hours (6°C) in a 
glass container (20 cm 0 )  w ith o u t substratum  together w ith thousands o f cer­
cariae. After exposure the fish were transferred  to aquaria w ith  recirculating 
w a te r from  the closed w ater system  (10 °C). Tw o dabs harbouring  3 and 5 large 
A . sim plex  from  na tu ra l infestations in the branchial vessels died during the 
exposure. All fish w ith o u t a n a tu ra l infestation survived the exposure.

D abs w ere used to  study  the grow th and developm ent of A. sim plex. They 
w ere dissected 4 ,1 7 , 30 , 42, 50, 6 2 ,7 2 , 83, 9 4 ,1 3 2 , and 180 days after exposure 
(Fig. 9).

T w o dabs were exposed twice w ith  an interval o f 42 days. They were examined 
50  and  94 days after exposure.

T o  study w hether the cercariae show ed a preference for either plaice or 
flounder tw o specim ens o f each species were exposed to the cercariae in the 
sam e container and  exam ined 42 and  132 days after exposure.

FlG. 8. A p o ro co ty le  s im p le x  in d ab  L im a n d a  lim anda  (7-10  cm long). A, ob liq u e  section  th rough  
h e a d  o f  d ab  h a rb o u rin g  a 6 2 -d ay -o ld  in fection . All the parasites (arrow s) occur in the lym phatic 
system . T o lu id inc  b lue. B, five 7 2 -d ay -o ld  w orm s in cephalic lym ph ducts and  m uscles. T oluid ine 
b lu e . C , tw o  8 3 -d ay -o ld  w o rm s in th e  opercu lum . T o lu id ine  blue. D , the h e a rt w ith o u t parasites 
an d  a 83 -day-old w o rm  (arro w ) in a lym ph duct. H eidenhain’s azan. E, tw o  m ore th an  ten-m onth-old  
A . s im p le x  from  n a tu ra l in festa tio n s. T h e  w o rm s occur in highly d istended b ranch ia l vessels. The 
long itud inally  sec tio n ed  specim en  a t th e  to p  is bended  ventrally . It is ap p aren tly  ingesting  cells o f 
th e  inner w all o f  the b lood vessel, and sim ilar cell m aterial is found in its oesophagus. H eidenhain’s azan.

A bbrev iations: A T , a tr iu m ; BU, b u lb u s; BV, b ranch ia l vessel; G , gills; LD, lym ph duct; L, liver; 
L O , lum en  of o eso p h ag u s; M U , m uscle; O E , oesophagus o f  parasite ; SK, skeletal stru c tu re ; T H , 
th y m u s; V, b lood vessel; YA, v en tra l a o r ta ; VE, ventricle.
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All three flatfishes show ed the sam e intensity of infection. A bout 60 to 100 A. 
sim p lex  w ere found  in each fish exposed once. T he largest fish harboured 
slightly m ore A . s im p lex  th an  the sm allest. The intensity was low er than  should 
be expected considering the large num ber of cercariae available. Probably only 
one o r tw o cercariae from  each redia were fully developed and therefore infective.

T he dabs infected tw ice had  ab o u t the double num ber o f w orm s than  those 
exposed only once, and  the size and developm ent o f the w orm s did no t differ 
from  w orm s o f  identical age from  dabs exposed once. This indicates th a t the 
h o s t im m une system  has no effect on the early developm ent o f A. sim plex.

T he cercariae o f A. sim plex  penetrated  flounders as easily as plaice. The 
developm ent o f A. sim p lex  in these fishes was identical to th a t o f A. sim plex  in 
dabs.

T he follow ing results are from  experim entally infected dabs. Four days after 
infection the sm all w orm s w ere found under the skin and betw een the muscles 
th ro u g h o u t the body o f the fish, indicating th a t the cercariae penetrate the skin 
all over the fish body. A pproxim ately the same num ber occurred in the posterior 
as in the an te rio r ha lf o f the body. The head contained a few w orm s, bu t none 
w ere found in the b lood  system.

The habitats o f all o r  nearly all 17- to 83-day-old A. simplex were the lymphatic 
system  and the m uscles of the dabs (Fig. 8A-D). The w orm s were evenly di­
s tribu ted , no m ore w orm s occurred  in the an terior p a rt -  the head not included 
— th an  in the p o ste rio r p a r t  o f the  fish body. A bout one sixth to  one th ird  of the 
w orm s w ere found  in the lym phatic system o f the head, the greatest num ber 
being found in the o ldest infections. The worm s probably enter the head lym­
p h a tic  system  via the neural lym ph duct (see W ardle 1971). N o w orm s were 
found  in the b lood  system.

In the fish body m ost 62- to 94-day-o ld  w orm s w ere found in the interspinal 
lym ph ducts and  the neural lym ph duct (see W ardle 1971). In newly killed dabs 
cut in to  halves the w orm s w ere seen emerging from  the neural lym ph duct in 
g rea t num bers.

A few 9 4 -day-old  w orm s w ere found in the afferent branchial vessels, bu t 
none w ere found  in o ther parts o f  the blood system. The m ajor lymph spaces in 
the head of teleosts are linked to the ducts o f Cuvier (see W ardle 1971). It is 
suggested th a t the parasites — as the lymph — enter the heart and the afferent 
b ranch ia l vessels via these ducts. A bout ha lf of the 132- and 180-day-old spe­
cim ens occurred  in the branchial vessels. O ne fourth  o f the w orm s w ere found 
in the  in terspinal lym ph ducts and  neural lymph duct th roughou t the fish body 
and  the rem aining fou rth  occurred in the cephalic lymph sinuses and ducts. 
A bou t 50 w orm s w ere found in the branchial vessels o f one o f these dabs. It is 
unlikely th a t it w ou ld  survive this infection for long (see Fig. 8 E show ing tw o 
large A. sim plex  from  na tu ra l in festations in the branchial vessels of a small 
dab). H ow ever, no dabs died during the 180 days where the infections were
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fo llow ed and  the parasites had  no visible effect on the dabs. N o dead worm s 
w ere found. N o  host defence reaction was observed. The worm s which occurred 
free in the muscles were sometimes surrounded by m ore or less disintegrated host 
tissue (Fig. 8B).

Young developm ental stages o f  A . s i m p l e x  in the fish host

Fig. 9 show s the  length of A. sim plex  during the first six m onths of life in the 
lym phatic  system  o f  dabs. D uring the first weeks the grow th w as slow, and after 
a b o u t 50 days the length was only twice th a t o f the cercaria. Subsequent grow th 
w as faster. A m arked  increase in length occurred after tw o m onths. How ever, 
w orm s o f identical age varied greatly in length and  developm ent.

Four-day-old worm s were of similar shape as the tailless cercariae. The cephalic 
g land  had  disappeared. The penetration glands were still recognizable, although 
m o st o f the contents had  been secreted. The intestine was unchanged. N um erous 
spherical bodies, p robab ly  lipid droplets, occurred all over the body.

In som e o f  the  30-day-o ld  worm s grow th o f the anteriorly  directed caeca had 
s ta rted  (Fig. 6B). In som e 42-day-o ld  w orm s the four caeca were equally long 
(Fig. 9). In o lder specim ens both  the anteriorly  and  posteriorly  directed caeca

3 0 0 0  r  b o d y  l e n g t h ,  p m

2 0 0 0

all sc a le  bars, 200 p m

1000

1 3 2 1 8 0
d a y s  a f t e r  in f e c t io n

FlG. 9. D iag ram  sh o w in g  the g ro w th  o f  A p o ro co ty le  s im p le x  living in th e  lym phatic  system  of 
ex p erim en ta lly  in fec ted  d a b  L im a n d a  lim anda . M easurem ents based  on  living, slightly  fla ttened 

specim ens. M ean  size an d  range o f  ten  random ly  selected specim ens.
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show ed a rapid increase in length. In m ost 50-day-old  w orm s the posterior 
caeca nearly reached the p o ste rio r end o f the body (Fig. 6 C ). D uring subsequent 
g ro w th  the relative length o f the different p arts  o f the digestive system changed 
enorm ously. In m ost 62-day-o ld  w orm s the length o f  the oesophagus w as about 
h a lf  the length o f the  body, w hereas in m ost 180-day-old w orm s it w as about 
one fourth  o f the body length.

R em nants of the pene tra tion  glands was still recognizable 94 days after infec­
tio n ; they stain in v ivo  w ith neu tra l red.

T h e  body shape g radually  changes from  pyriform -cylindrical to flat and 
elongate (Fig. 9).

T he cirrus sac and the ovary were clearly observed in m ost 94-day-old  worms. 
T he reproductive system  o f m ost 132-day-old  w orm s was apparently  fully de­
veloped, bu t uterine eggs w ere only found in 180-day-old w orm s. How ever, 
m o st eggs w ere abn o rm al w hich seems to be a com m on feature of A . sim plex  in 
dabs (see also T hu lin  1980a). N o  difference in developm ent w as found between 
specim ens living in the  lym phatic system and  specimens living in the blood 
system  o f  the dabs. T he lym ph o f  plaice has a com position sim ilar to  blood 
p lasm a (W ardle 1971). T his m ay explain w hy the grow th of A . sim plex  is 
identical in the tw o habita ts.

T he w orm s living in the b lood system were easily recognized by the yellow- 
b ro w n  contents o f the  intestinal caeca, w hereas the contents o f w orm s from  the 
lym phatic  system w ere light-yellow  except for the dilated ends o f  the four caeca 
w here the contents w ere d ark er yellow. R em nants o f host cells were found in 
the  oesophagus and  caeca o f w orm s m ore than 62-day-old, bu t, as could be 
expected due to the sm all size o f the m outh , w hole cells (lym phocytes, ery th ro ­
cytes) were only found  in 132- and  180-day-old worms.

Stereoscan m icrographs o f four-day-o ld  w orm s revealed th a t all the papillae 
w ith  sho rt cilia situa ted  an teriorly  persisted, w hereas the apical cilia had dis­
appeared.

T he external surface o f 17-day-old w orm s w as m ore corrugated than  younger 
stages w ith deeply folded ridges. T he cephalic spines were unchanged, bu t the 
body  spines had  regressed, being reduced to  abou t ha lf the original length.

T he 30-day-o ld  w orm s had  com pletely lost the body spination . T he deeply 
fo lded tegum ent an terio rly  still had  the p itted  appearance. The tegum ent of 
m ost 42-day-o ld  and  50-day-o ld  w orm s w as covered by a m aterial w hich p rob ­
ably  had been secreted by the  parasite .

M o st 62-day-old  w orm s w ere slightly flattened. They had  apparently  lost the 
p itted  tegum ent an teriorly , and  the w hole surface w as covered by irregular, 
m ostly  longitudinal ridges. Small tubercles or bosses appeared on the lateral 
m arg ins (Fig. 10A -C ). Initially they are w ithou t spines. As developm ent p ro ­
ceeds, the num ber o f spines on the tubercles increases, as does the size o f the 
tubercles.
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FlG. 10 . S tereoscan  m icro g rap h s o f A p o ro co ty le  s im p lex  from  th e  lym phatic  system  o f  experi­
m en ta lly  infected d ab  L im anda  lim anda. A, ventral view  o f  62-day-o ld  specimen. N o te  sm all tubercles 
o n  a n te rio r  la tera l m arg in . B, detail og Fig. 10 A. T h e  an terio r tip  is invagina ted, form ing a sucker-like 
s tru c tu re  ap ica lly . N o te  cephalic  spines (S), m o u th , sensory  cilia (C l)  and  long itud inal ridges. 
C , de ta il sh o w in g  u n d eveloped  sp inous tubercle  o f a 62 -d ay -o ld  w orm . D , th e  a n te rio r  end o f  a 
7 2 -d ay -o ld  w o rm  w ith  p ro tru d ed  an terio r tip . E  &C F, 180-day-old  w orm s. E, ventral view show ing 
cep h a lic  sp ines, m o u th , v en tra l cilia and  v e n tro -la te ra l sp inous tubercles. F, d o rsa l view  show ing

long cilia.
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In 180-day-old w orm s the tubercles had  also appeared ventro-laterally . The 
cephalic spines rem ained unchanged. Papillae, each w ith a short cilium, were 
found  ventrally (Fig. 10E), and  up to 15 /xm  long cilia w ere symmetrically 
arranged  dorsally on  the an te rio r p a rt o f the body (Fig. 10F).

T hu lin  (1980b) describes the surface structures of large A. sim plex  from  the 
gili arteries o f  H . platessoides.

B oth the cephalic and  the body spines may assist in penetrating  the skin o f the 
fish. This m ay be the only function  of the body spines as they disappear shortly 
a fte r penetration . T he m ain function  o f the cephalic spines may be to assist 
m igra tion  in the lym phatic vessels, bu t they may also function as anchors before 
the developm ent o f  the lateral spines.

T he m igration  o f A . sim plex  m ay be com pared w ith  th a t of schistosom ula in 
the  m am m alian  host. T he schistosom ulum  o f S. m ansoni uses the cephalic 
spines — in add ition  to spines posteriorly  -  as anchorage during m ovem ent in 
b lood  vessels (C rabtree &  W ilson 1980). H ow ever, the cephalic spines of S. 
m anson i d isappear as the cephalic organ develops in to  the oral sucker. The 
cephalic spines o f  A. sim plex  rem ain th roughou t its life, show ing th a t they m ust 
have a function even after the developm ent of the lateral spines.

T he lateral spinous tubercles may play an im portant role as providing purchase 
on the wall o f the lym phatic vessels o r blood vessels. The developm ent and 
function o f the spinous tubercles of A . sim plex  are comparable to similar structures 
on the  dorsal surface o f m ale Schistosom a  spp. (see e.g. Voge et al. 1978, 
M an so u r &  Voge 1981).

T he m orphological change of the external tegum ent of the an terior end, from 
being p itted  and  ridged to  being ridged only, coincides w ith the developm ent of 
the fo u r large caeca. T he increased surface may have a function in the up take of 
so luble organic nu trien ts during the initial stay in the fish host before the 
digestive system is fully developed. A . sim plex  differs in this respect from  Schi­
sto som a  spp. w here the p itted  tegum ent o f the cercaria becomes m ore deeply 
p itted  and even lace-like in m atu re  specim ens (see e.g. H ockley 1973, Voge et 
al. 1978, M ansour &  Voge 1981).

M cLaren &  H ockley (1977) com pared the external m em brane of different 
b lood  flukes, viz. Schistosom a  spp ., Spirorchis sp., and A . sim plex  and A . spi­
nosicanalis W illiam s, 1958 w ith  th a t o f digeneans belonging to  families which 
in h a b it the gu t and  associated body cavities o f the host. All the blood flukes 
stud ied  had  a double  ou te r m em brane in contrast to  the single m em brane of 
n o n -b lo o d  flukes. The au th o rs  conclude th a t the ou te r m em brane o f  blood 
flukes assists in p ro tec ting  the parasite  against the im m unological response of 
the host.
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N atural in festation o f  the fish  hosts

As A . sim p lex  has been found m ainly in the heart, the ventral ao rta  and the gili 
arteries (see references below) only these parts o f the fishes w ere exam ined. The 
p o ten tia l hosts for A . sim plex  in 0 re su n d , i.e. P. flesus, P. platessa, L . limanda 
and  H . p la tesso ides, w ere studied . O nly the th ree la tte r w ere infested. O nly 
p laice m ore th an  three years old w ere infested, w hereas both  0 -group  dabs and 
0 -g ro u p  long rough dabs w ere infested. Long rough dabs were m ost heavily 
infested , show ing  a 1 0 0 %  incidence of infestation, and  often w ith m ore than 
50  m atu re  w orm s in the above m entioned habita ts. A bout 8 0 %  of dabs m ore 
th an  ab o u t 15 cm long w ere infested, and the intensity o f infestation w as lower 
th an  th a t o f long rough dab . 30 lem on sole M icrostom us k it t  (W albaum ) (25- 
45 cm long) from  the sam e area in 0 re su n d  w here the infested flatfishes were 
caugh t w ere uninfested.

A . s im p lex  in  long rough dab  and plaice were up to about 10 mm long and 
they had  m ost o ften  hundreds of spindle-shaped eggs, w hereas specim ens in dab 
rarely  becam e m ore than  six mm in length and m ost often had  abnorm al eggs 
(see also T h u lin  1980a).

T3, *4
/  ’ X X  I

:. o f  A . s im p le x I [¿V?A. theragrae  
/  0  Ic h ih a ra , 197 0

Y j A . orientalis 
%  ^  Y am agu ti, 1 934

»*3J 
C. lo o ss i 
C . so le n n

C . a m ph ic te is  
C. a sym m etrica  
C. cristulata

A . pacifica  
Y am ag u ti, 1970 I n  "R>

C. m ercenariae

B  A .  sm ith i
P a ru k h in  &  T k a c h u k , 1980

•  A p o ro c o ty le  s im p le x  
B  A p o ro c o ty le  s p p . ( ty p e -lo c a lity )  
▼ c e rca ria  in  a  po l> chac te  annelid  
^  c e rca ria  in  a  b iva lve  m ollusc X

i ▼ C . hartm anae

FlG. 11 . R ecords o f  m arine sanguin ico lid  cercariae and  A poro co ty le  spp.
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A . sim plex  appears to  be specific to  pleuronectids. It has been recorded in 
g ado id  and m acrourid  fishes as well (e.g. by G rabda 1977, Zubchenko 1981), 
bu t these specim ens p robably  belong to  A . tberegra Ichihara, 1970 (see Smith 
1972, Thulin  1980a).

A . sim plex  has an arctic-boreal d istribu tion . It has been recorded from  seven 
areas on the no rth ern  hem isphere (Fig. 11): (1) in H. platessoides, L. limanda, 
P. platessa, and  P. flesus  from  the type-locality, K ristineberg, w estern Sweden, 
and  O resund, D enm ark (O dhner 1900, 1911, Thulin 1980a, and present study, 
(2), (3) and (4) in H. platessoides from the Barents Sea, the G ulf of St. Lawrence, 
and  Disco Bay, w estern  G reenland (Isaichikov 1933, R onald  1960, and own 
observations, July 1978, respectively), (5) in H. platessoides and Glyptocephalus 
cynoglossus (L.) from the northw est A tlantic (Zubchenko 1980) and (6), (7) in 
H ippoglossus h ippoglossus  (L.), H ippoglossoides elassodon  Jo rdan  &  Gilbert, 
and  Reinhardtius hippoglossoides m atsuurae  Jo rdan  &  Everm ann from  the 
Bering Sea (M am aev et al. 1963, M am aev 1965).

N ine  species o f  the genus A poroco ty le  have been described (Fig. 11) (see 
references in Yamaguti 1971, Smith 1972, in addition Parukhin &  Tkachuk 1980).

R edescription o f  C e r c a r i a  h a r t m a n a e  M artin, 1952

Cercaria hartm anae , w hich has a terebellid polychaete as interm ediate host, is 
very similar to  the cercaria o f A . sim plex  (Table 2) suggesting a close relationship 
betw een the tw o cercariae. H ow ever, according to M artin  (1952) C. hartmanae 
has a ventral sucker, which is n o t a sanguinicolid feature. Hence a reexamination 
o f  the holotype o f  C. hartmanae  seemed to be necessary. The stain had faded and 
it w as im possible to distinguish the penetration  glands. A part from  the ‘ventral 
su ck er’ the observations by M artin  (1952) were confirm ed. The structure  inter­
p re ted  as the ven tra l sucker appears as an em pty-look ing  spherical vacuole 
ab o u t 6 /xm in d iam eter. An identical s tructure  occurs in the sam e p a rt o f the 
body  o f im m ature cercariae o f A . sim plex  and represents the end o f the undevel­
oped  digestive system . Later the spherical structure divides in to  the tw o caeca. 
C om paring  the tw o  cercarial species it is evident th a t the spherical structure  in 
C. hartm anae  represents the undeveloped caeca.

M a rtin  had  only  one infested  po lychaete  a t his disposal, and  although it 
con ta ined  a large num ber o f rediae m ost o f  these contained germ inal balls and, 
in a few instances, cercariae. T he descrip tion  was made on cercaria e dissected 
o u t o f the rediae, and they w ere p robably  no t fully developed.
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D IS C U S S IO N

O d h n er (1900) found  one A. sim plex  on the gili o f a flounder P. flesus, bu t since 
th a t it has never again been recorded in flounders, although a large num ber of 
flounders has been exam ined (O dhner 1900, 1911, Thulin  1980a, present 
study). T he single record in flounder m ay be due to  the different d istributions of 
the flounder and  the  interm ediate host A. proboscidea, since flounders prefer 
shallow er and  m ost often less saline w ater than  the polychaete. T he different 
d is tribu tion  o f  the tw o hosts may also explain why small plaice were no t found 
infested in n a tu re , a lthough they -  as the flounders -  were easily infected in the 
labora to ry .

A . proboscidea  occurs in the Arctic, in the no rthern  A tlantic Ocean, in the 
n o rth e rn  Pacific O cean, in the no rthern  p a rt of the N orth  Sea and in Danish 
w aters in Skagerak, K attegat, G reat Belt, O resund and  the w estern p a rt of the 
B altic. In ad d itio n , it  has been recorded from  antarctic  and subantarctic  areas. 
T h e  vertical d is tribu tion  is from  the upper p a rt o f the sublitto ral dow n to m ore 
th an  3000 m  depth  (H artm ann-S chröder 1971). In O resund it occurs as south 
as C openhagen . H ere  it has apparently  no t been recorded from  depths less than 
a b o u t 15 m (E liason 1962).

T h e  d is trib u tio n  o f  A . proboscidea  coincides w ith th a t of A . sim plex  except 
th a t  A . sim p lex  has no t been recorded from  the southern  hem isphere. This 
indicates th a t A. proboscidea  is the only interm ediate host for A . sim plex.

T he geographical d istribu tion  of H . platessoides nearly coincides w ith th a t of 
A . proboscidea  and  bo th  occur on m uddy bo ttom  at great depths. This may 
explain  w hy  H . platessoides in O resund  and off the w estern coast o f Sweden 
show s the g rea test incidence and intensity  o f infestation, and th a t it has been 
m en tioned  as the  m ain host for A. sim plex  (O dhner 1911, Thulin  1980a). 
H ow ever, H . platessoides  does no t live in the no rthern  Pacific O cean, and here 
o th e r flatfishes function  as hosts.

N ew  observations on the penetration  o f cercariae o f Sanguinicola  spp. show  
th a t they p en e tra te  the external surface, especially in soft or less heavily scaled 
a reas  (M eade &  P ra tt 1965, M eade 1967). T he cercaria o f Sanguinicola  sp. 
sim ilarly  p enetra tes the skin o f carp  fry and rem ains in the skin w here it conti­
nues to  develop to  m atu rity  (Iqbal &  Sommerville 1982). This observation and 
the fact th a t s ix -m o n th -o ld  specim ens of A. sim plex  w ere found everywhere in 
the lym phatic  system  o f the fish body indicate th a t the lym phatic system may be 
an  im p o rtan t h a b ita t for sanguinicolids -  as also pointed  out by Smith (1972) -  
b u t th a t they rem ain  to  be found there in n a tu ra l infestations. H ow ever, since 
the  hatch ing  o f  the  eggs takes place in the gili filam ents and  the m iracidia 
shou ld  be released in to  the w ater only w orm s m aturing  in the b lood system may 
p ropagate .
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Eight m arine cercariae w hich are supposed to develop into blood flukes of 
fishes have been described previously (Table 2). These cercariae are in the 
lite ra tu re  referred to  as sanguinicolid  o r aporocoty lid  cercariae. They are all 
m onostom atous, apharyngeate, non-ocellate and, w ith  one exception, basically 
furcocercous.

M ost au thors (see review article by Smith 1972) refer all blood flukes of 
fishes to the Sanguinicolidae von G raff, 1907, w hich has priority  over A poro­
cotylidae O dhner, 1912. Y am aguti (1971) m aintained the family A porocoty­
lidae, containing only the genus A poroco ty le , as distinct from Sanguinicolidae. 
H e w ro te  th a t cercariae o f the fam ily A porocotylidae develop in serpulid, tere- 
bellid o r am pharetid  polychaetes. H e had , how ever, no  p ro o f for this as no life­
cycles of cercariae developing in polychaetes w ere know n. According to  Yam a­
guti (1971) the cercariae o f Sanguinicolidae develop in molluscs, never in anne­
lids. Y am aguti (1975) included C. asym m etrica  and C. cristulata  from  m arine 
bivalves in the fam ily A porocotylidae w ithou t giving any reasons.

Follow ing Skrjabin (1951), V an der Land (1967) and Smith (1972) I regard 
all b lood flukes o f fishes as belonging to  the family Sanguinicolidae.

Sanguinicola  spp. a .o .:  
Sporocysts in pul. +  
p ro so b r . g astropods, 
freshw ater teleosts

C. loossi:
Sporocyst in polychaete 
(Serpulidae), 
m arine fish (C hondrich thyes 
o r  teleost)

C. am phicteis,
C. hartm anae,
A p o ro co ty le  sim plex:
R ediae in polychaetes 
(A m phare tidae , Terebellidae), 
m arin e  teleosts (+  C hondrichthyes?)

Sanguinicolidae

C. solem yae,
C. asym m etrica ,
C. cristulata,
C. m ercenariae:
Sporocysts in m arine bivalves, 
m arine  fish (C hondrichthyes 
a n d /o r  teleosts)

S pirorchiidae:
Sporocysts in pul. gastr. (freshw .), 

? in ? (m arine), 
tu rtles  (freshw . +  m arine)

Schistosom atidae:
Sporocysts in pul. +  p rosobr. 
g as tro p o d s  (freshw .), 
S porocysts in p rosobr. 
g as tro p o d s  (m arine), 
b ird s, m am m als

B lood  fluke ancesto r,
develops in sporocyst-like s truc tu re  in
an cestra l m arine p ro so b ran ch  gastropod

FlG. 12. Suggested phy logenetic  re la tio n sh ip s o f  b lo o d  flukes based on  developm ental stages in
th e  in term ed ia te  hosts.
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N um erous a ttem p ts have been m ade to described the system atic and  phylo­
genetic re la tions o f b lood  flukes based on the m orphology of adu lt specimens. 
It is generally accepted th a t the blood flukes o f birds and m am m als are related 
to those o f fish and  turtles (Smith 1972, Cable 1974). All b lood flukes have a 
tw o -h o s t cycle; the cercariae penetrate the final vertebrate host directly. As the 
v erteb ra te  h o st is regarded as secondary the m ost reliable phylogenetic rela­
tionsh ips m ay be elucidated by studying the developm ental stages in the in ter­
m ediate  hosts (see C able 1974). In addition, the digeneans are m ore specific for 
th e ir  m olluscan th an  for their vertebrate hosts, and in certain instances the final 
ho s ts  are apparen tly  so recent th a t constan t and perm anent relations have not 
been established.

It is suggested th a t the b lood fluke ancestor w as furcocercous, d istom atous, 
apharyngeate  and  provided w ith a specialized cephalic organ (Fig. 12). It p ro b ­
ably  developed in a sporocyst-like structure in an ancestral m arine prosobranch 
gastropod . T he furcate ta il is com m on in cercariae and has p robably  evolved 
m ore th an  once. T he specialized cephalic organ m ay be regarded as an advanced 
featu re; it is found  in related bu t pharyngeate families (e.g. D iplostom idae and 
Strigeidae (see also Cable 1974)). The cephalic organ of Spirorchiidae and 
Schistosom atidae m ay in adu lt w orm s develop in to  an oral sucker, w hereas it in 
ad u lt Sanguinicolidae d isappears o r is very w eakly developed. A pharyngeate 
cercariae occu r in a few o ther families w hich, how ever, are no t closely related 
to  the  blood flukes. According to  Yamaguti (1971) some adult spirorchiids have a 
pharynx . H ow ever, the descriptions are no t convincing. The oesophagus of these 
parasites  are o ften  su rrounded  by gland cells; these cells may in som e species 
have been in te rp re ted  as a poorly developed pharynx.

A t some stage the b lood flukes split into tw o groups; one rem ained d istom a­
tous (Schistosom atidae and Spirorchiidae), w hereas the o ther lost the ventral 
sucker and  becam e m onostom atous. Some adult spirorchiids and schistosom es 
have a  reduced ventral sucker, others lack a ventral sucker com pletely, bu t the 
ven tra l sucker is alw ays presen t in the cercarial stage. Blood flukes o f birds and 
m am m als separa ted  from  those o f turtles and  becam e gonochoristic, whereas 
the  o th e r b lo o d  flukes rem ained herm aphroditic . The m onostom atous branch 
developed in to  the b lood  flukes o f fishes.

Several life-cycles of freshw ater sanguinicolids are know n (see Smith 1972), 
b u t the only m arine  sanguinicolid life-cycle know n is th a t o f A. sim plex. All 
freshw ater sanguin ico lid  cercariae develop in sporocysts (with one questionable 
exception , see W ales 1958) in gastropods.

T h e  m arine sanguinicolid  cercariae differ from  all o ther know n blood flukes 
in th a t they do  n o t develop in gastropods bu t in bivalves and polychaetes. 
H ow ever, it can  no t be excluded th a t they occur in m arine prosobranchs although 
they  have n o t yet been found there.
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F our cercariae have polychaetes as the  only in term ediate hosts (Table 2). 
T hese polychaetes belong to three related  families, Serpulidae, A m pharetidae 
and  Terebellidae, the tw o last-m entioned  being the m ost closely related (see 
Fauchald  1977). T he three cercariae w hich develop in A m pharetidae and  Tere­
bellidae differ from  o ther sanguinicolid cercariae in th a t they develop in rediae 
w hich  in all three species are very sim ilar in shape and  size (Table 2). The 
cercariae have no dorsal o r furcal fin-folds. The lack of furcae in C. amphicteis 
m ay be an adaptive feature in its life-history w ith no system atic significance. C. 
am phicteis  and  the cercaria o f A. sim plex  have apparently  identical asymmetric 
flam e cell system s; th a t o f C. hartm anae  is unknow n.

It is obvious th a t C. am phicteis  and C. hartm anae  are closely related to the 
cercaria o f A. sim plex , and it is likely that they all belong to the genus Aporocotyle 
w hich  has been recorded from  all over the w orld (Fig. 11).

T he m orphology o f C. loossi, w hich develops in sporocysts in a serpulid 
polychaete, suggests th a t it is m ore closely related to  the sanguinicolid cercariae 
w hich  develop in sporocysts in m olluscs than  to those developing in rediae in 
terebellid  o r am phare tid  polychaetes. C. loossi is apparently  m orphologically 
m ore  sim ilar to  the sanguinicolid  cercariae w hich develop in freshw ater gastro­
pod s (see e.g. Erickson &  W allace 1959, M eade 1967) than to those which 
develop in m arine bivalves (Table 2).

N obody  has a ttem pted  to  explain the presence o f cercariae in polychates 
although the problem  often has been com m ented on (e.g. W right 1971, M argolis 
1 971 , Smith 1972).

T urbellarians, especially R habdocoela, often form associations w ith molluscs, 
and  it  is generally accepted th a t digeneans are prim ary parasites o f m olluscs and 
developed from  m arine rhabdocoel-like turbellarians (Jennings 1974, Cable 
1974).

E ndocom m ensal o r endoparasitic  tu rbellarians have never been recorded in 
polychaetes (M yzostom idae n o t included) (Jennings 1974) indicating th a t the 
larval digeneans in polychaetes p robably  have ano ther origin. In addition, it is 
unlikely th a t som e sanguinicolids arose from  turbellarian-like ancestors living 
in association w ith  polychaetes and o ther sanguinicolids arose from  turbella- 
rian -like  ancestors living in association w ith  molluscs. It is obvious th a t the 
sanguinicolids which develop in polychaetes and the sanguinicolids which develop 
in molluscs have the same ancestor and th a t their m orphological and ecological 
sim ilarities are n o t due to  parallel developm ent o r convergence.

It is well know n th a t som e cercariae are able to  aquire new snail hosts and 
th a t they may change hosts w ith different ecological situations (Stunkard 1957). 
H ow ever, a change from a m olluscan h ost to a polychaete and from a sporocyst 
to  a redia is n o t easily explained.

T he change m ight have happened  in tw o steps. First a change o f hosts from 
g astro p o d  to  polychaete as exam plified by C. loossi, w hereafter the changed
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ecological conditions in some interm ediate hosts m ight have favoured a develop­
m ent o f a caecum , thus transform ing  the sporocysts in to  rediae.

T he occurrence of rediae in several families w hich are no t closely related 
shows that rediae have developed independently several times during the evolution 
o f the digeneans.

T he w ide geographical d istribu tion  o f the cercariae developing in rediae in 
polychaetes (Fig. 11) indicates th a t the change o f hosts may have taken  place in 
ancien t geological tim e.

T he cercariae w hich use polychaetes as the only interm ediate host are ap ­
parently  just as specific regarding their host as m ost cercariae which use molluscs. 
R ankin (1946) studied a large num ber of polychaetes from W oods H ole, M assa­
chusetts, bu t only H ydroides dianthus  w as infested. The host specificity o f these 
parasites may be of value in resolving system atic o r phylogenetic problem s in 
the d ifferent host groups.

O nly few observations have been m ade on the influence o f sanguinicolid 
larvae on the polychaete hosts. M artin  (1944b) observed th a t in some segments 
o f  H . dianthus  infested w ith  sporocysts of C. loossi the muscle tissue o f the 
ventral region w as invaded by sporocysts and varying degrees of muscle atrophy 
occurred. M artin  (1952) observed th a t the only infested Lanicides vayssierei 
stud ied  w as abnorm ally  sw ollen due to  rediae of C. hartmanae.

M artin  (1944b) and Oglesby (1961) noticed th a t respectively entire sporo­
cysts and  rediae em erged th rough  pores in the polychaete body wall. T he sporo­
cysts and  rediae contained cercariae o f various developm ental stages. Cercariae 
em erged by ru p tu ring  the sporocyst w all. The emergence o f the sporocysts and 
rediae is apparen tly  an artefact as it w ould  result in loss of the im m ature 
cercariae w hich seems unlikely.

T he sanguinicolid  cercariae in m arine bivalves differ from  all b lood fluke 
cercariae in th a t  they have no cephalic organ although the cephalic spines often 
exist (Table 2). In add ition , all know n sanguinicolid cercariae in bivalves (apart 
from  C. mercenariae  w hich w as inadequately described) have one lateral row  of 
spines on each side and, ap a rt from the cephalic spines, no other body spination. 
It thus appears th a t the sanguinicolid  cercariae in bivalves are closely related, 
a lthough it is unknow n w hether they form  a m onophyletic group.

C. cristulata  differs from  the rem aining sanguinicolid cerariae in having flame 
cells in the tail stem . T his is a characteristic  feature of spirorchiid and schisto­
som e cercariae. C. solem yae  differs from  the rem aining sanguinicolid cercariae 
in bivalves by having a sh o rt tail w here only the shape o f the caudal excretory 
duct reveals its fu rcate  origin. C. solem yae  has the p ro tobranch  bivalve Solemya  
velum  as in term ediate host. This bivalve is o f ancient origin and stands rather 
iso lated  system atically. It has bo th  prim itive and advanced features, as has its 
parasite .



R E D I A ,  C E R C A R I A  A N D  EARLY STAGES O F  A P O R O C O T Y L E  S I M P L E X  1 4 3

M arin e  fish b lood  flukes occur in both elasm obranchs, Chimaera m onstrosa  
and  teleosts (see review  by Smith 1972). All nine know n species of Aporocotyle  
have teleosts as final hosts. T he rem aining m arine sanguinicolid cerdariae may 
have C hondrich thyes and perhaps also teleosts as final hosts. W ardle (1979) 
m entions th a t a sh a rk  is the m ost likely final host for C. mercenariae.

Several au thors have analysed the m orphology o f adult species of Aporocotyle  
and  o th e r m arine sanguinicolids to elucidate their taxonom ic o r phylogenetic 
re la tionsh ips. Sm ith (1969) discussed the phylogenv o f three species o f A p oro ­
co ty le  in th ree  species o f hake (M erluccius) and concluded th a t they form  an 
evo lu tionary  series. H olm es &  Price (1980) increased the genealogical analysis 
to com prise all eigh t species o f Aporocotyle. The allom etric grow th o f the 
digestive system  o f the w orm s in the fish host, the changed h ab ita t in the host 
w ith  age, and  the  m orphological variation w ith  age of e.g. the body spination 
shou ld , how ever, be taken in to  account w hen these features are used for syste­
m atic  on phylogenetic analysis (cf. e.g. Van der Land 1967, Smith 1969, Holm es 
1971, B rooks 1980, H olm es &  Price 1980).
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