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A B S T R A C T

T h e  life -cycle  o f  th e  d igenetic  trem ato d e  P odoco ty le  re flexa  (C replin , 1825) O d h n er, 1905 (fam . 
O peco e lid ae ) is show n  ex p erim en ta lly . T he co ty lom icrocercous cercaria  o f  P. reflexa , C. buccin i 
L eb o u r, 1 9 1 1 , develops in spo rocysts in B u ccinum  u n d a tu m  L. and  N e p tu n ea  a n tiqua  (L.) (G a stro ­
p o d a , P ro so b ra n c h ia ) . T h e  cercariae encyst in m uscles o f  various crustaceans. C rangon  crangon  
(L.) w as used  as experim en ta l in te rm ed ia te  host. T he m etacercariae  developed in to  P. re flexa  in 
cod , G a d u s m o rh u a  L. given shrim ps w ith  tw o  to  fo u r m o n th s o ld  m etacercariae.

T h e  c e rca ria , m etacercaria  and  a d u lt o f  P. re flexa  a re  redescribed  and com pared  w ith  sim ilar 
d ev e lo p m en ta l stages o f  P. a to m o n  (R u d o lp h i, 1802) O d h n e r, 1905. P. re flexa  has been considered  
a sy n onym  o f  P. a to m o n . T h e  tegum en t an d  suckers o f  th e  cercaria  o f  P. re flexa  w ere stud ied  in the 
tra n sm iss io n  e lec tro n  m icroscope. All developm ental stages o f  P. reflexa  and  P. a to m o n  were 
s tu d ie d  in th e  s te reoscan  e lec tro n  m icroscope. T h e  surface o f  the cercaria  o f  P. re flexa  is sm oo th  
a p a r t  from  a m icrov illous fringe w hich  su rro u n d s  the suckers , w hereas th e  w ho le  surface o f the 
ce rc a ria  o f  P. a to m o n  is covered  w ith  m icrovilli. T h e  m icrovilli o f  b o th  cercarial species are  shed a 
few  h o u rs  a f te r  p e n e tra tio n  in to  th e  c rustacean  h o st. A few  days a fte r encystm ent th e  m etacercariae 
o f  b o th  species develop sh o r t m icrov illu s-like  p ro jec tions all over the body . T hese p ro jec tions 
d isa p p e a r  a b o u t o ne  m o n th  a fte r encystm ent, and  the m etacercariae  do  n o t g ro w  further.

IN T R O D U C T IO N

P odoco ty le  reflexa  (C replin , 1825) O dhner, 1905 (fam. Opecoelidae) has been 
reco rded  from  fishes belonging to  various families occurring in the arctic-boreal 
area . T he cercaria o f P. reflexa, Cercaria buccini Lebour, 1911, has been re­
co rded  from  British w aters, the Barents Sea, D anish w aters and the G erm an 
B ight (L ebour 1911, C hubrik  1966, Koie 1969, Lauckner 1980). T he m etacer­
caria  has been recorded from  the Barents Sea (Uspenskaya 1960, 1963).
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P. reflexa  has been considered a synonym  o f P. a tom on  (R udolphi, 1802) 
O d h n er, 1905, bu t the presen t p ap er shows th a t both  are valid species. The life- 
h isto ry  o f  P. a to m o n  w as described by H unninen &  Cable (1943). Both species 
have the same geographical d istribu tion , b u t P. a tom on  dom inates in fishes 
living littorally, whereas P. reflexa  mostly occurs in fishes which live sublittorally.

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 a tu ra l Science 
R e search  C ouncil.

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

T he invertebrates and  fishes stud ied  were from  the following three Danish 
localities: 1) The m iddle p a r t  o f O resund, 5 -30  metres depth, and N ivâ Bay, 0- 
1 m , th ro u g h o u t several years, 2) w estern K attegat, o ff Frederikshavn, 0 -30  m, 
an d  the islands o f H irsholm ene, O-V2 m, A ugust 1979, 1980, and  3) northern 
B ornholm , the Baltic, 0-10 m , O ctober 1980.

T he different developm ental stages o f the parasites w ere studied alive and 
a fte r flattening, fixation  and  stain ing w ith  carm alum . M aterial studied in the 
transm ission  and  scanning electron m icroscopes was trea ted  as described by 
Koie (1971a). All m easurem ents are o f slightly flattened living specimens.

All fishes used as experim ental hosts were isolated and  fed on frozen food for 
a t least tw o m onths before infection.

R ESU LTS

Podocotyle reflexa

N a tu ra l infesta tion  o f  the m olluscan host

T h e  na tu ra l in festa tion  o f  C. buccini Lebour, 1911 in Buccinum  unda tum  L. 
from  O resund  (20-28 m) has been studied throughout one year (Koie 1969). 
T he average incidence th roughou t the year was 0.9 % (1375 B. undatum  studied). 
T h e  sam e incidence w as found  at Kristineberg, the G ullm ar Fjord, western 
Sw eden. 325 B. u n d a tu m  from  a few m etres depth w ere studied (Koie 1969). 
10 %  o f  N eptunea  an tiqua  (L.) (> 5 0  m m  in shell length) from  the m iddle part 
o f  O resund , 25 -2 8  m , w ere infested w ith  C. buccini (100 snails studied). Fully 
developed cercariae w ere found in the snails all the year round.

M o st cercariae w ere released w ith in  the first day after the snails w ere brought 
to  the  laborato ry . Later on the num ber o f shed cercariae show ed great varia­
tions.

M o st infested B. u nda tum  w ere seriously affected by the parasite  and some 
infested snails died w ith in  a few  m onths after they were brought to the labora­
to ry . The foo t appeared  th in , dehydrated  and m ore red than th a t o f uninfested
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snails. N . antiqua  appeared to  be less affected by the parasite. Infested N. 
an tiq u a  w ere k ep t in aquaria  for one year.

The daughter sporocyst

T he daugh ter sporocyst o f C. buccini and  its effect on the host tissue of B. 
u n d a tu m  have been studied in the light m icroscope, transm ission and scanning 
e lectron  m icroscopes (Koie 1971b).

T he cercaria

C. buccini is a typical cotylom icrocercous cercaria (Figs 1, 2 A, 4A). N atu rally  
re leased  living flattened cercariae including ta il are 2 9 0 -370  /¿m (m ean of 10 
specim ens: 330 /xm) long and 70 -100  /xm (m ean: 86 /xm) wide at the level o f the

100

F ig . 1. A, cercaria  an d  B, tw o -m o n th  o ld  m etacercaria  o f  P odocoty le  re flexa . V entral views of
living fla ttened  specim ens.
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F ig . 2. S canning e lec tro n  m icro g rap h s o f  n a tu ra lly  released cercariae o f  P odocotyle  reflexa. 
A , v en tra l view  o f  cercaria . B, p a r t  o f  th e  o ra l sucker show ing  spines (S), cilia su rro u n d ed  by 
teg u m en t (SC ), m icrov illi (M V ) and  cilia (C l) . C , th e  ven tra l sucker. D , the p o ste rio r  end o f  a ta il­
less cercaria  w ith  th e  six  a tta c h m e n t areas o f  the tail and , in the m iddle, th e  open ing  of th e  excre­

to ry  vesicle. E , th e  d ista l end o f  the tail w ith  six  sensory cilia.



M O R P H O L O G Y  A N D  L I F E  H I S T O R Y  O F  P O D O C O T Y L E  R E F L E X A  2 1

v en tra l sucker. T he living unpressed cercariae are able to  elongate and contract 
the  body  and  tail enorm ously; the length o f the cercariae then ranges from  200 
to  4 0 0  /xm.

T he oval oral sucker o f flattened specim ens is 40-43  /xm (m ean: 41 /xm) wide 
an d  4 2 -6 0  /xm (m ean: 51 /xm) long. The stylet is 14 /xm long and  8 /xm wide. It 
is fou n d  in the stylet pocket, and  only the distal ends o f the tw o points p ro trude 
above the surface. The doub le-po in ted  central p a rt o f the stylet is surrounded  
by a collar. For this reason the stylet m ay appear four-po in ted  w ith tw o small 
la te ra l po in ts. The p repharynx  is 50-80  /xm long and  the pharynx  12-16 /xm 
(m ean: 14 /xm) in diam eter. T he oesophagus and  caeca could no t be seen. The 
v en tra l sucker is 38-42  /xm (m ean: 40 /xm) in diam eter. There appeared to be 
five pairs o f  cephalic glands in the p reacetabu lar region. The three ducts of the 
m edian  glands open dorsally  a t the stylet, the tw o lateral ducts open m ore 
la tera lly  and m ore ventrally.

T h e  w all o f the oval excretory vesicle is com posed o f rounded  cells w ith 
g ra n u la r  contents. The flame cell form ula is 2 [(2  4- 2) +  (2 +  2)] =  16.

T h e  ta il is a ttached  to the body a t six po in ts (Fig. 2D ). The tail is 45-65  /xm 
(m ean: 55 /xm) long and  30 -4 0  /xm (m ean: 36 /xm) w ide. It is filled w ith 20-30 
unicellular glands containing small spindle-shaped bodies. The gland ducts open 
in to  a sucker-like concavity posteriorly . Six papillae each w ith  an about 1.5 /xm 
long apical cilium occur on the distal edge of the tail (Fig. 2E).

T h e  body surface is slightly irregular w ith  circum ferential furrow s. The 
spineless tegum ent is ab o u t 1 /xm thick (Fig. 3 C). M itochondria , m em brane- 
b o u n d  irregu lar vesicles and tw o kinds o f electron-dense bodies are sparsely 
d is trib u ted . The elongated d a rk  bodies occur close to and  perpendicular to the 
e x te rn a l m em brane, w hereas the rem aining bodies are found m ore basally. The 
in te rn a l tegum entary  m em brane form s tu b u la r invaginations in to  the tegum ent.

F our types o f structures presum ed to  be sensory receptors p ro trude  above the 
surface. Type 1 consists of a sho rt cilium  surrounded  by a tegum entary  collar. 
T h is type is especially com m on anteriorly , bu t is also found on the tail (Fig. 2E). 
T ype 2 consists o f  an up to  8 /xm long cilium  w ithou t a surrounding  collar. Type 
3 consists o f  a p it w ith a tu ft o f up to 12 2-8  /xm long cilia. T he tw o la tter types 
are regularly  d istribu ted  all over the body, bu t are especially com m on an te rio r­
ly. T ype 4 is com posed o f a cilium com pletely surrounded  by tegum ent (Fig. 
3 A). The em bedded cilia are up to 2  /xm long.

T he tw o suckers are essentially identical (Fig. 2B, C). The central spineless 
tegum en t is only abou t 0.5 /xm thick (Fig. 3 A). C rypts and sho rt channels into 
the  tegum ent increase the external surface. M edially and anteriorly  in the oral 
su ck er occur tw o of the above m entioned sensory structures w ith  cilia covered 
by tegum ent (type 4). S im ilar structures are found in the spineless area o f the 
v en tra l sucker and in the  spined area o f both  suckers. The radially arranged 
fla ttened  spines often have an apical th ickening which in sections may appear as
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knobs (Fig. 3 B). A n terio r to  the tw o an terior sensory structures in the oral 
sucker is the spined a rea  replaced by m icrovilli (Fig. 2B). T he peripheral spines 
in b o th  suckers have th ree  po in ts (Fig. 3 A). O n the rim o f the suckers are found 
ab o u t 5 /xm  long m icrovilli and m ore peripherally occur abou t 8 /xm long cilia 
(type 2).

T he cercariae craw l w ith  the aid of the tw o suckers. Sometimes they stop 
craw ling and a ttached  to  the substratum  w ith their glandular tail w ag their 
e longated  body back  and  forth . If contact w ith  a suitable host is n o t established 
they continue alternately  to crawl and  wag. If they get contact w ith  a suitable 
h o s t they attach  them selves to  it by the suckers.

T h e  cercariae m ay survive for abou t one week a t tem peratures below  10 °C. 
A t h igher tem pera tu res the cercariae become inactive and die w ith in  about 24 
hours.

E xperim en ta l infection o f  the crustacean host

V arious crustaceans w ere placed together w ith hundreds o f C. buccini from 
crushed  B. u nda tum  o r  N . antiqua  for abou t 20 hours. A part from  H aploops  
sp. and  M acropipus depura tor  (L.) the crustaceans used were from  a few metres 
d ep th , w here B. u n d a tu m  and N . antiqua  never occur. O pecoelid m etacercariae 
from  n a tu ra l infestations were found, bu t these m etacercariae were rare and 
easely distinguished from  those from  the experim ental infections.

T o  observe w hether cercariae in the daughter sporocysts were fully developed, 
sporocysts w ere iso la ted  and teased apart. T he freed cercariae penetrated  and 
encysted a t the sam e ra te  as m igrating cercariae from  the tissue o f  the sam e snail 
host.

C rangon crangon  (L.) (D ecapoda), H aploops  sp. (Am phipoda) rem oved from 
their m ud tubes and  unidentified  m ysids (M ysidacea) were easily infected. Small 
M. depurator, C arcinus m aenas (L.) (D ecapoda) and G am m arus spp. (Amphi­
p oda) w ere only infected w ith  a few m etacercariae although they were repeat­
edly exposed to  num erous cercariae. T he cercariae did no t a ttem pt to penetrate 
Pagurus bernhardus  (L.), Palaemon  sp. (D ecapoda) and Idothea  sp. (Isopoda).

In C. crangon  m ost cercariae encysted anteriorly  and dorsal to  the intestine, 
b u t m etacercariae w ere found in the muscles th roughou t the body. The intensity 
o f  m etacercariae in experim entally  infected C. crangon  varied enorm ously. 
Som etim es none o r only a few cercariae penetrated  in to  the shrim ps although 
they w ere exposed to  apparen tly  fully developed cercariae. In o ther cases each 
shrim p w as p ene tra ted  by hundreds of cercariae; this always resulted in the 
d eath  o f the host. Infections w ith  up to abou t 30 m etacercariae did no t harm  
large shrim ps, and  several shrim ps w ith about this num ber o f m etacercariae 
survived for m ore th an  one year.
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FlG. 3 . T ran sm iss io n  e lec tron  m icrog raphs o f  the v en tra l sucker and  su rro u n d in g  tegum en t o f  the 
ce rca ria  o f  P o d o co ty le  re flexa . All figures to  sam e scale. A , rad ia l section  th ro u g h  the ventral 
su c k e r. T h e  perip h era l irreg u la r  sp ines a re  seen to  th e  righ t, and a laterally  sectioned sensory 
s tru c tu re  (SC ) is seen to the left. B elow  th e  th in  tegum ent a re  seen th e  basal lam ina (BL) and  
m u sc le  fib res (M U ) w ith  large  m ito ch o n d ria  (M ). Inset, m iddle: sensory s tru c tu re  com posed o f  a 
sh o r t cilium  su rro u n d ed  by  tegum ent. Inset, r igh t: tr ip o in ted  p eriphera l spines and  th in  m icrovilli. 
B, sec tio n  p erp en d icu la r  to  the f la ttened  spines. C , long itud inal section  th ro u g h  a rea  near the 
v e n tra l su ck er show ing  th e  relatively th ick  teg u m en t and  sub jacen t c ircu lar m uscles (C M ). M ito ­

c h o n d ria  and  v ario u s m o re  o r  less e lec tro n -d e n se  vesicles are seen in th e  tegum ent.
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(Fig. 4 D ). The cyst w all w as th ick  and m ulti-layered. T he ventral sucker had 
developed an an te rio r tw o-d iv ided  projection, and  the sucker ra tio  w as 1 :1 .9  
to  1 :2 .4  averaging 1 : 2.2.

T w o  m onths a fte r encystm ent the m icrovilli had  d isappeared (Fig. 5D , E). 
O therw ise  the tw o -m o n th  old m etacercariae appeared identical w ith  the one- 
m o n th  o ld  specim ens. Short iso lated  cilia were found an terior to  the m outh , and 
ventrally  and p oste rio rly  to  the m outh  opening occurred low  papillae w ith  up to 
six sh o rt cilia. N o  dead  m etacercariae were found. M ost cysts w ere surrounded  
by a th in  m ore o r  less brow n capsule o f host cells.

T he cyst o f tw o -m o n th  old m etacercariae m easured 2 3 0-320  X 2 10-270  /xm 
(m ean  o f  10 cysts: 270  X 230  /xm). Excysted tw o-m on th  old m etacercariae 
w ere 2 7 0 -3 5 0  /xm (m ean: 325 /xm) long and 160-190 /xm (m ean: 170 /xm) wide 
(Fig. IB ). The oral sucker w as 50 -6 0  /xm (m ean: 54 /xm) and  the ventral sucker 
110-140  /xm (m ean: 120 /xm) in diam eter. The ventral sucker had  a prom inent 
an te rio r tw o-d iv ided  p ro jection . The diam eter of the pharynx  w as 26-32  /xm 
(m ean: 30 /xm). T h e  cephalic glands and  ducts w ere still present. There was a 
sm all p repharynx  and  an ab o u t 30 /xm long oesophagus. T he caeca extended to 
the posterio r end  o f  the body. Small lipid droplets were scattered  throughout 
the body. The excreto ry  vesicle w as spherical to  triangu lar depending on the 
sta te  o f con trac tion . T he num ber and  shape o f the cells lining the excretory 
vesicle w ere as in the  cercaria. T he flame cell form ula was as in the cercaria. A 
w eak  outline of the  testes w as seen; otherw ise the reproductive system was 
undeveloped.

T he six -m on th  o ld  m etacercariae did no t differ from  the tw o-m on th  old 
specim ens. A few  p e r cen t o f the  m etacercariae were dead.

O nly  ab o u t 15 % o f the m etacercariae were still alive one year after infection. 
T hey differed from  the  six -m on th  old m etacercariae by being m ore shrunken 
and  in having m ore d istinct cephalic glands apparently  filled w ith  a hom ogene­
ous m ass. M ost em pty cysts o r cysts w ith rem nants of a m etacercaria were 
sm aller th an  cysts conta in ing  living m etacercariae; they were often  m ore o r less 
collapsed. T he cyst w all w as opaque and d a rk  brow n, w hereas the cyst w all of 
living m etacercariae w as translucen t and colourless. The cysts o f living o r re­
cently  dead m etacercariae  w ere surrounded  by a thick b row n capsule of host 
cells.

T he m etacercariae from  naturally  infested C. allm ani w ere slightly larger 
than  those from the experim ental infections. Ten randomly selected cysts measured 
3 0 0-400  X 2 5 0 -3 5 0  /xm. Excysted m etacercariae were 320-430  /xm long. The 
o ra l sucker w as 5 0 -6 0  /xm and  the ventral sucker was 120-160 /xm in diam eter. 
O therw ise they w ere identical w ith the tw o-m onth old m etacercariae. The greater 
size and  the fact th a t no dead  m etacercariae o r encapsulated cysts w ere found 
ind icate  th a t C. allm ani may be a m ore suitable host than  C. crangon.

M etacercariae o f P. reflexa  have previously only been recorded by Uspenskaya
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(1960, 1963). She found the m etacercariae in six species belonging to the genera 
H etairus, Eualus, Spirontocaris  and Pandalus (D ecapoda, N atan tia) from  the 
B arents Sea. Excysted m etacercariae were 325-525  /xm long. The ora l sucker 
w as 50 X 60-50  x  75 /xm. The ventral sucker w hich m easured 110 X 105- 
185 X 196 /xm p ro tru d ed  enorm ously from  the surface of the body. The sucker 
ra tio  w as 1 :2 - 3 .  The reproductive system w as poorly  developed. A lthough 
shrim ps w ere studied  all the year round  no m ature specimens were found. She 
found one ad u lt P. reflexa  w ith  five eggs three days after the m etacercariae from  
n atu ra lly  infested shrim ps w ere given to sm all butterfish Pholis gunnellus  (L.).

E xperim en ta l infection o f  the fish host

It w as first suggested th a t  C. buccini w ould develop in to  a species belonging to 
the genus Plagioporus. T herefore som e of the fishes which according to  Dawes 
(1947) are hosts for this genus w ere used as experim ental hosts. Tw o 0-group 
and  tw o adu lt plaice Pleuronectes platessa  L., tw o 0 -group  and tw o adult 
flounders P latichthys flesus  (L.), one adu lt spotted d ragonet C allionym us m a­
culatus  R afinesque-Schm altz, in addition  to  tw o adult dabs Lim anda limanda  
(L.) and  tw o goldsinnies C tenolabrus rupestris (L.) were given C. crangon  w ith 
tw o to  four m onths old m etacercariae. Each fish was fed on 2-4 infected shrimps 
once a w eek fo r fo u r weeks in add ition  to  frozen shrim ps and mussels. W hen 
dissected one week afte r the last'ingestion  of infected shrim ps none were in ­
fected w ith  Plagioporus o r related genera. Tw o large eelpouts Zoarches vivi­
parus  (L.) and  tw o cods G adus m orhua  L. (25-30 cm long) were also given 
infected shrim ps. W hen dissected only G. m orhua  w as infected w ith opecoelid 
trem atodes. Between 30 and  50 specim ens were found in the pyloric caeca, and 
they w ere identified as P odocotyle reflexa. N early all specimens contained eggs. 
T he experim ental infection  w as repeated w ith  three cods (25-30 cm ), which 
w ere fed only once w ith  infected shrim ps. They w ere dissected three, five and 
seven days after ingestion o f the infected shrim ps and found to  contain  betw een 
30 and  60 P. reflexa.

N a tura l in festa tion  o f  the fish host

A b ou t 3 0 %  o f  G. m orhua  from  0 re su n d  (28 m) and w estern K attegat (10-30 
m) w ere infested w ith  P. reflexa. Small and  m ature specimens w ere found 
th ro u g h o u t the  year. T he intensity  w as usually 1-4 , bu t up to 40 were occa­
sionally found. Four o f nine fou r-bearded  rocklings R hinonem us cim brius (L.) 
from  w estern  K attegat (30 m) w ere also infested w ith  P. reflexa. The intensity 
w as 1-20. F our o f  ten  lum psuckers Cyclopterus lum pus  L. from  0 re su n d  (Feb. 
1981) contained  1-4 m atu re  P. reflexa.
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P o d o c o t y l e  r e f l e x a  fro m  the fish host

T hree  days after infection P. reflexa  taken  from  the pyloric caeca o f cod were 
0 .7 -0 .8  m m  long (Fig. 6A). C om pared w ith  the developed m etacercariae the 
a rea  p o ste rio r to  the  ventral sucker and the testes had  enlarged enorm ously.

T h e  five-day o ld  specimens w ere up to  1.0 mm long. The hindbody had 
becom e m ore elongated  (Fig. 7A).

T h e  seven-day o ld  specimens w ere 1 .2-1 .4  mm long and contained up to 
th ree  eggs (Fig. 6B). T he testes, w hich w ere nearly  as w ide as the hindbody, 
occurred  close together w ith no vitellaria in betw een. The cirrus sac extended to 
o r even behind  the  m iddle o f the distance betw een the posterio r edge o f the 
v en tra l sucker and  the  ovary. T he ventral sucker had  changed in to  a com pli­
cated  s tru c tu re  w ith  lappets an tero-la terally  and  sm all pockets postero-laterally  
(Fig. 7B ). H em ispherical structures, p robably  sensory, were regularly arranged 
on the  m uscular edge o f the sucker, sho rt cilia occurred m ore peripherally. The 
spineless surface w as corrugated  w ith  circum ferential folds. T he m etacercarial 
sensory  structures w hich occurred anteriorly  and  ventrally still existed. Com ­
p ared  w ith  the m etacercariae the num ber o f cilia an terio r to  the m outh  opening 
h ad  increased.

T h e  largest specim ens from  the first experim ental infection, w hich may be up 
to  five weeks o ld, w ere nearly 3 m m  long. T hey had  up to 40 eggs (Fig. 6C). 
T hey  w ere identical w ith  P. reflexa  found  in naturally  infested G. m orhua , 
a lthough  these specim ens were up to  4.5 mm long. P. reflexa  from  C. lum pus 
w ere 4 -6  mm long. F lattened elongated specim ens were often  recurved, a 
ch a rac te r w hich is alluded to  in the nam e o f the species.

M a tu re  P. reflexa  has been adequately described previously (e.g. by O dhner 
1905 , M an te r 1926 (described as P. olssoni O dhner, 1905), M iller 1941 and 
B rinkm ann  1975). B rinkm ann (1975) gives a list o f synonym s of P. reflexa.

Podocotyle atomon

The life-cycle o f  P. atom on  w as elucidated by H unninen  &  Cable (1943), and 
the  d ifferen t developm ental stages have been described repeatedly. Therefore, 
in the  follow ing, only  new  observations and  observations necessary for a com ­
p ariso n  betw een P. atom on  and P. reflexa  are m entioned.

T he cercaria o f  P. a t o m o n  com pared w ith  tha t o f  P. r e f l e x a

T he cercaria  o f P. a tom on  has been recorded from  Littorina  spp. and Lacuna  
spp. from  arc tic-bo real areas. The m ost com m on hosts are L. saxatilis (Olivi) 
and  L. rudis  (M aton ). The cercaria has been described several tim es (H unninen 
&  C able 1943, U spenskaya 1963, C hubrik  1966, Jam es 1969, Reimer 1970, 
an d  Szuks 1975).
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F ig . 6 . P o d o co ty le  re flexa  from  ex p erim en ta lly  infected  cod, G adus m o rh u a . A and  B, living 
f la tte n e d  specim ens. A, a th re e -d a y  o ld  specim en. B, a seven-day  o ld specim en. C , sta ined  fla ttened 
specim en  o f  u n k n o w n  age, b u t  less th a n  five w eeks o ld . C : c irru s, CS: c irru s sac, INT.- in testina l 
caec u m , O D : o v id u c t, O V : ovary , SR: sem inal receptacle , SV: sem inal vesicle, T E : testis, VIT:

v itellaria .
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In D anish  w aters L. saxatilis from  the islands o f H irsholm ene in the western 
K atteg a t o ff Frederikshavn were no t infested w ith  P. a tom on . A bout 1 % o f L. 
saxa tilis  collected in N ivâ Bay, 0 re su n d , and 10 % o f L. saxatilis from  northern 
B ornholm , the Baltic, w ere infested w ith  P. a tom on. A bout 300 snails were

1 0 0  fjm

FlG. 7 . P o d o co ty le  re fle xa  from  cod (A -D ) and  fo u r-b e a rd e d  rockling , R h in o n em u s cim brius (E). 
A , a  fiv e-d ay  o ld specim en  w ith  everted  ven tra l sucker. B, a seven-day  o ld specim en w ith  partly  
e v e rted  v en tra l sucker. C , a  specim en w ith  p ro tru d e d  c irru s from  a n a tu ra lly  infested cod. D , partly  

p ro tru d e d  c irru s o f  a n o th e r  specim en. E , im m atu re  specim en w ith  re trac te d  ventral sucker.
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2 0  f j m

FlG. 8. N a tu ra lly  released  cercariae  o f  P odocoty le  a to m o n . A , ven tra l view . A rrow  show s opening  
o f  s ty le t p o ck e t. B, everted  ven tra l sucker show ing  m icrovilli and spines. C , p o ste rio r p a r t  o f cer-

carial body  an d  tail.

stud ied  from  each locality. From  K attegat and 0 re su n d  only snails w ith a shell 
longer th an  8 m m  w ere stud ied ; in the Baltic only snails w ith a shell longer than 
5 m m  w ere studied.

T he m ain  differences betw een the cercariae o f the tw o Podocotyle  species are 
th a t  the  d o u b le-po in ted  stylet o f P. atom on  (Fig. 9A) is m ore narrow  than  the 
sty let of P. re flexa , and  th a t P. a tom on  only has three pairs o f cephalic glands, 
w hereas P. reflexa  has a t least five pairs. In addition , the cercaria of P. atom on  
has few er tail g lands w hich, furtherm ore, differ in shape from  those o f P. 
reflexa.
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H ow ever, the greatest difference betw een the tw o cercarial species pertains to 
the  ex ternal surface. T h a t of P. reflexa  is nearly  sm ooth , w hereas th a t of P. 
a to m o n  is p rovided w ith  abou t 5 /xm long th in  m icrovilli (Fig. 8). The only 
areas n o t covered w ith  long m icrovilli are the distal edge o f the ta il and the 
cen tra l area o f the suckers. The peripheral spines in the suckers are sm aller than 
the  sim ilar spines o f P. reflexa. T w o sensory structures occur an terior in the oral 
sucker, and  o ther sensory structures are found  in the spined area o f the suckers. 
T he types o f these structures could n o t be identified.

T h e  metacercaria o f  P. a t o m o n  com pared w ith  tha t o f  P. r e f l e x a

M etacercariae  o f  P. a tom on  have previously been found in various am phipods 
(Levinsen 1881, H unninen  &  Cable 1943, U spenskaya 1960 ,1963 , Jam es 1969, 
S ho tte r 1969, R eim er 1970, Szuks 1975, V alter 1977), in isopods (Uspenskaya 
1960, 1963, R eim er 1970, Szuks 1975) and  in mysids (Shotter 1969, Reimer 
1970 , Szuks 1975). T he m etacercaria has been described by H unninen  &c Cable 
(1943), U spenskaya (1963), Jam es (1969), R eim er (1970) and  Szuks (1975).

A b o u t 1 0 %  o f the G am m arus  spp. living in the vicinity of the infested L. 
saxatilis  in N ivâ Bay, 0 re su n d , and ab o u t 80 % o f G. duebenii L illjeborg from

B100 /xm

/xm

F ig . 9. C ercaria  (A) an d  m etacercariae  (B -D ) o f  P odocoty le  a to m o n . B-D to sam e scale. A, a m a­
tu re  ce rcaria . B, a five-d ay  o ld  m etacercaria  in tran sfo rm ed  m uscle o f G am m arus. C , one-m on th  
o ld  m etacercariae . T h e  m etacercaria  to  the left is excysted , the o th e r  is su rro u n d ed  by the th in  cyst 
w all. P a r t o f  th e  o u te r  ‘cyst’ is seen upper righ t. D , an  ap p aren tly  em pty  o u te r  ‘cyst’ from  a

n a tu ra lly  infested  G am m arus.
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the rocky shores of n o rth e rn  B ornholm , were infested w ith m etacercariae o f P. 
a tom on . T he  in tensities were 1-2 and 1-12, respectively. A few Idothea  sp. from  
N ivâ  Bay and  un identified  m ysids from  shallow w ater in 0 re su n d  were also 
infested w ith  P . a to m o n . N o  m etacercariae w ere found  in w estern K attegat.

O nly  G am m arus  sp. and  unidentified mysids were used as experim ental hosts. 
B oth w ere easily infected after exposure to  cercariae for 20 hours. C. crangon  
w ere repeatedly  exposed to  cercariae o f P. a to m o n , bu t w ith negative results. 
The g row th  o f the  m etacercariae varied enorm ously, no t only according to the 
k ind o f crustacean , bu t also in the sam e host specimen. The m etacercariae were 
found  in all p a rts  o f  the body o f the mysids, w hereas m ost m etacercariae in 
G am m arus  w ere found  in the muscles dorsal to the intestine, sim ilar to  m eta­
cercariae in n a tu ra lly  infested G am m arus. The developm ent in m ysids were 
m ore slow ly th an  in G am m arus  and w as only follow ed for one week. N o brow n 
o u te r ‘cyst’ w as developed w ith in  this time.

All m etacercariae w hich occurred dorsal to the intestine in G am m arus  were 
su rro u n d ed  by an  elongated , sp indle-shaped o r th ree-poin ted  ou te r ‘cyst’ w hich 
w ith  increasing age becam e d ark er and  harder (Figs 9 B-D, 11B, C). T he cer­
cariae w hich h ad  encysted in o ther parts of G am m arus  did n o t develop this 
ou te r ‘cyst’; they stopped  developm ent and  died w ith in  one or tw o weeks. The 
b row n ‘cysts’ w ere visible th rough  the host cuticula. Up to three encysted m eta­
cercariae w ere found  in the sam e ‘cyst’.

Study o f  experim entally  infected G am m arus show ed th a t the o u te r ‘cyst’ is a 
transfo rm ed  m uscle w hich su rround  the sm ooth  m etacercarial cyst (Fig. 11B). 
A few days afte r encystm ent inside the muscle, the muscle is detached and  dies 
w ith in  ab o u t one week. N uclei may still be identified in stained p repara tions up 
to  tw o  w eeks afte r infection. This ou ter ‘cyst’ did no t appear to  harm  the m eta­
cercaria , as em pty  ‘cysts’ rarely w ere found.

Jam es (1969) found  ‘an  extrem ely hard  fibrous substance w hich is probably 
secreted by the h o s t’ in experim entally  infected am phipods. U spenskaya (1963) 
w ho  stud ied  G. locusta  (L.) found  th a t the host reaction resulted in form ation  
o f  the  external cyst w hich w as described as a layer o f brow n pigm ent w ith  an 
irregu lar outline. C ross-sections o f the com pact pigm ent structure did n o t show  
lam ellar cell fo rm ations. Szuks (1975) found  th a t the m etacercariae in gam m a- 
ridean am phipods had  ‘eine unförm ige rötliche H ülle’ w hich w as absent in 
infested Idothea.

In the p resen t m ateria l no progenetic m etacercariae w ere found. Progenetic 
m etacercariae o f P. a to m o n  w ere found  by H unninen &  Cable (1943), Jam es 
(1969), R eim er (1970), and  Szuks (1975). According to Szuks (I.e.) progenetic 
m etacercariae do not develop in G am m arus due to the hard  outer cover, whereas 
they frequently  occurred  in  Idothea.

G am m arus  d issected 24  hours after exposure to the cercariae released tailless 
b u t unencysted  cercariae. M o st cercariae had lost all the m icrovilli (Fig. 10A).
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FiG. 10. M e tace rca riae  o f  P odoco ty le  a to m o n . A, unencysted  tailless specim en rem oved from  
tissue  o f  G a m m a ru s  2 4  h o u rs  a fte r exposu re . All m icrovilli are  lost. B, the o ral sucker o f  a specim en 
as th a t  in A . A rro w  show s open ing  o f  s ty le t pocket. C , the v en tra l sucker o f  a fo u r-d ay  o ld m eta­

cercaria .

Free m icrovilli indicate th a t the m icrovilli are shed and no t absorbed. Sensory 
s tru c tu res  are revealed lateral and an te rio r to  the m outh  opening (Fig. 10A, B). 
Each struc tu re  consists apparen tly  of a cilium surrounded  by a tube-like tegu­
m en ta ry  collar.

4 8 -h o u r  old excysted m etacercariae appeared m ore shrunken, p robably  due 
to  em pty ing  o f the  cystogenous glands.

All fo u r-d ay  old m etacercariae had  lost the spines, and sm all m icrovillus-like 
p ro jec tio n s covered the w hole surface (Fig. 11C ).
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T he surface o f one and  tw o weeks old m etacercariae were covered w ith small 
m icrovillus-like pro jections. Semispherical structures had  developed on the 
ven tra l sucker (Fig. 11 A). T he sensory structures found in the cercaria and 
young  m etacercariae had  disappeared.

T h e  m icrovillus-like projections had  disappeared four weeks after infection, 
and these m etacercariae were morphologically undistinguishable from the smallest 
specimens found in fishes.

A part from  the  d ifferen t choices o f hosts, the m ost im portan t differences 
betw een the m etacercariae o f P. reflexa  and  P. a tom on  are, as also pointed out 
by U spenskaya (1963), the size and the different degree o f developm ent of the 
reproductive  system . Excysted m etacercariae o f P. reflexa  rarely exceed 0.5 mm 
in length , w hereas those  o f P. a tom on  may be m ore than  1.0 mm long. The 
reproductive  system  o f  the m etacercariae of P. reflexa  is always undeveloped, 
w hereas m etacercariae  o f P. a to m o n  may contain  several eggs w hich also may

1 0 0  /J m

F ig . 11 . M e tace rca riae  o f  P o d o co ty le  a to m o n . A , th e  an te rio r  end of a tw o -w eek  o ld excysted 
m etace rca ria . B, p a r t  o f  an  o p en ed  o u te r  ‘cyst’ from  a n a tu ra lly  infested G am m arus  sh ow ing  the 
sm o o th  m e tacercaria l cyst. C , an  o u te r  ‘cyst’ from  a n a tu ra lly  infested G am m arus. T h e  m etacer- 

caria l cyst is n o t  seen, b u t occurs inside the tran sfo rm ed  muscle.
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occu r free in the cyst. U spenskaya (1963) also pointed o u t th a t the sucker ratio 
o f  th e  m etacercaria o f P. reflexa  is 1 :2 -3 , w hereas it is 1 :1 .5 -2  in P. atom on. 
T h e  cephalic glands o f the m etacercaria o f P. reflexa  rem ain, whereas they are 
rep laced  by num erous sm aller unicellular glands in P. atom on . In addition, the 
p ro m in en t tw o-divided projection  an te rio r in the ventral sucker of P. reflexa  is 
ab sen t in the m etacercaria of P. atom on.

The a du lt P. a t o m o n  com pared w ith  adult P. r e f l e x a

M atu re  P. a tom on  has been described by e.g. O dhner (1905), Lebour (1908), 
H unn inen  &  Cable (1943), Sculman-Alboa (1952), Polyanski (1955), and Szuks 
(1975).

C ods and  flounders from  O resund  (28 m) are rarely infested w ith P. a tom on , 
an d  the  in tensity  is alw ays less th an  10 for flounder and only 1-2 for cod. Two 
cods (25 -30  cm) and  tw o flounders (25-30 cm) from  O resund (28 m) w ere used 
as experim ental hosts. They were offered large num bers of Gammarus infected 
w ith  fo u r to  six weeks old m etacercariae of P. atom on  for a few hours. O ne cod 
and  one flounder w ere dissected five days afte r infection, the rem aining tw o fish 
ten  days after infection. The fishes contained between 20 and  50 P. atom on. In 
flounders they w ere found in the intestine. In cods tw o th irds occurred in the 
py lo ric  caeca and  the rem aining in the an te rio r p a rt o f the intestine. N o differ­
ences in size and  degree o f developm ent w ere observed in the tw o host species. 
T h e  sm allest specim ens w ere of the sam e length as m ost m etacercariae, i.e. 
a b o u t 0.5 mm long (Fig. 12A). Such sm all specim ens occurred in both the five 
an d  ten  days old infections. In w orm s w ith o u t eggs o r w ith a few eggs the testes 
w ere  nearly  as w ide as the h indbody w ith  no  vitellaria in between (Fig. 12B). 
T he largest w orm s in the ten-day  old infections were 1.4 mm long and con­
ta in ed  up to  ten  eggs. T he specim ens from  the experim ental infections did not 
d iffer from  w orm s from  naturally  infested fishes, although these were up to  3.5 
m m  in  length. M atu re  w orm s show ed great m orphological variations even in 
the sam e host species (Fig. 12 C -E).

T h e  external surface o f P. a tom on  has circum ferential furrow s (Fig. 13A, C). 
T he sam e types o f sensory structures as found in P. reflexa  occur near the 
m o u th  opening (Fig. 13C). The long th in  cirrus is covered w ith  small knobs 
(Fig. 13B).

As seen from  the descriptions of P. reflexa  and P. atom on  it may be difficult 
o r im possible to  distinguish betw een the tw o  species if the w orm s are im m ature 
o r  have a few eggs and  are less than  ab o u t 1 mm long (Fig. 6A and Fig. 12B).

B rinkm ann (1975) listed the m ain differences between the tw o species as 
fo llow s: 1) The body of P. a to m o n  is flattened, w hereas th a t of P. reflexa  is 
cylindrical. 2) T he distance betw een the oral and ventral suckers is abou t Va of 
body  length in P. a to m o n , w hereas it is abou t xh  in P. reflexa. 3) The testes o f P.
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FlC. 12. P o d o co ty le  a to m o n  from  cod (A-C) and  flounder (D -E ). A &  B, living f la ttened  speci­
m ens fro m  ex p e rim en ta lly  in fected  cods. A, a five-day o ld  specim en. B, a ten -d ay  o ld  specim en. 
C -E , s ta in e d  f la tte n ed  specim ens from  n a tu ra lly  infested  fishes from  B ornholm , the B altic. For

abbrev ia tions see Fig. 6.

a to m o n  are relatively sm all, n o t occupying m ore than  half o f the cross-section 
o f  the  body , w hereas those o f P. reflexa  are large, occupying the greater p a rt of 
the body  in cross-section . 4) The vitellaria o f P. a tom on  are unbroken  (covering 
the in testina l caeca) and  do no t come together betw een the testes. Body not 
constric ted  a t level w ith  the testes. The vitellaria o f P. reflexa  are b roken  lateral 
to  each  testis (uncovering  the intestinal caeca) and come together betw een the 
testes. Body com m only constricted  a t level w ith the testes.

A ccording to  my observations the characters 1-4 m ay only be used for large 
m atu re  specim ens, and  even then they are no t always valid. T he h indbody of
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living P. reflexa  is extrem ely variable, changing from  being short, w ide and 
fla ttened , and to  being cylindrical, long and  thin. In som e o f the large P. atom on  
from  cods from  B ornholm  the distance betw een the suckers w as Vs o f the body 
length , and  in flattened specim ens the testes were nearly as w ide as the hind­
body . N o . 4  is no t alw ays valid, as the vitellaria often are broken lateral to the 
testes (Fig. 12E) and  often occur betw een the testes (Fig. 12C). H eller (1949) 
described  how  a slight pressure caused the  yolk follicles to be pushed into the

•V' - V '  ■ \  t e

F ig . 13. M a tu re  P o d o co ty le  a to m o n  from  n a tu ra lly  infested  fishes. A, a specim en w ith  p ro truded  
c irru s from  a  cod. B, de ta il o f  the cirrus. C , de ta il o f  o ra l sucker o f  a specim en from  a flounder.
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in tertes ticu la r space o f P. a tom on . N icoli (1909) w rote th a t the vitellaria are 
extrem ely  variab le  and  may be entirely absen t between the testes or m ay fill up 
a considerab le  p a r t  o f the in tertesticular space, and th a t they are fairly often 
d iscon tinuous laterally  a t the level o f the in tertesticu lar space or the posterior 
testis. In ad d ition , N icoli (1909) described how  killing in fresh w ater changed 
P. a to m o n  so the  condition  o f the parasite  agreed much m ore closely w ith 
O d h n e r’s descrip tion  o f P. reflexa  th an  w ith  his description o f P. a tom on.

The life-cycles

In  0 re s u n d  B. u n d a tu m  and  N . antiqua  only live at depths greater th an  about 
15 m etres. L . saxatilis , on the o ther hand , lives in the litto ral zone, i.e. in 
0 re s u n d  the cercariae o f P. reflexa  and P. a tom on  are separated  vertically. A 
certa in  sca ttering  by the crustacean hosts m ay no t be excluded, bu t seems to 
p lay  a m in o r ro le as crustaceans caught in deep w ater (28-30 m) have n o t been 
fo u n d  infested w ith  P. a to m o n , and  crustaceans caught in shallow  w ater w ere 
n ever found  infested w ith  P. reßexa. A vertical and  horizontal scattering o f both  
species by m ysids is, how ever, a possibility.

B oth species have been recorded from  a w ide variety o f hosts w ith  apparently  
no p reference fo r certain  families. Several fish species h a rb o u r both  Podocotyle  
species. H ow ever, the unsuccessful experim ental infections w ith  P. reflexa  in ­
d icate  th a t the presence o f  the parasite  species m ay not only depend on the food 
o f  the  fish o r the d istribu tion  of the fish.

T h e  fish o r the  parasite  may behave differently in different areas. Polyanski 
(1955) found  P. reflexa  in eelpout, w hereas I did no t succeed in infecting this 
fish.

Fishes living in brackish  shallow  w ater, e.g. eelpout, flounder and  sea-snails, 
Liparis  spp ., becom e infested w ith P. a tom on  only. Large cods caught in deep 
w a te r  (28-30  m) in w estern  K attegat h a rb o u r P. reflexa  only, w hereas small 
cods living in shallow  w ater in 0 re su n d  may contain  P. a tom on  only. H ow ever, 
som e cods caugh t in 0 re su n d  are infested w ith  bo th  species. In the Baltic near 
B ornho lm  neither B. u nda tum  no r N. antiqua  occur, and  cods from  this area 
h a rb o u r  P. a to m o n  only.

It has been po in ted  ou t th a t P. a tom on  in arctic areas is characteristic of 
litto ra l fishes, w hereas P. reßexa  m ostly is found  sublittorally  in the open sea 
(P olyansk i 1955, Z hukov  1960, Strelkov 1960, Uspenskaya 1963).

D IS C U S S IO N

T h e  cercaria  o f  P. reßexa  w as described as Cercaria buccini by Lebour (1911). 
She found  it in  fou r of 80 B. undatum  from  the English coast. Rees (1935) 
suggested  th a t a cotylom icrocercous cercaria found in L ittorina  littorea  (L.)



40 M A R I A N N E  K 0 I E

w as identical w ith  C. buccini Lebour, 1911, bu t a later com parison w ith  living 
cercariae  from  B. u nda tum  revealed som e differences (Rees 1936). The cercaria 
from  L. littorea  w as nam ed C. littorinae. In a survey o f  cercariae from  L ittori­
n idae Jam es (1968) show s draw ings o f C. littorinae  Rees, 1936 and another 
cotylom icrocercous cercaria w hich he m entions as C. buccini Lebour, 1911. 
T his cercaria is, how ever, no t identical w ith  C. buccini from  B. undatum .

In B. unda tum  from  Egedesm inde, w estern  G reenland, Levinsen (1881) once 
fo u n d  a cercaria w hich differed in sm all details from  C. cotylura  Pagenstecher, 
1862 - a cotylom icrocercous cercaria very sim ilar to  C. buccini. H e did not 
describe o r  figure the cercaria, w hich p robab ly  is identical w ith C. buccini as no 
o th e r cotylom icrocercous cercaria is recorded from this snail. In addition, the 
a d u lt P. reflexa  is recorded from  the sam e area (Brinkm ann 1975).

C. buccini has only been recorded from  m embers o f the family Buccinidae. 
C h u b rik  (1966) found  one o f 35 N eptunea  despecta  (L.) from the Barents Sea 
infested w ith  C. buccini. In addition , Lauckner (1980) states th a t 0.55 % o f 910 
B. unda tum  dredged off H elgoland, the N o rth  Sea, were infested w ith C. buccini.

G ibson  (1974) and  Lo et al. (1975) studied the u ltrastructure  o f o ther ope- 
coelid  cercariae. These cercariae had  com plicated suckers like the cercariae of 
P. reflexa  and P. a tom on . Lo et al. suggested th a t the suckers may be concerned 
w ith  h ost finding, a ttachm en t o r penetration . Gibson suggested th a t the suckers 
m ay function as organs o f nu tritio n  as well as organs of attachm ent. It is 
obvious th a t the suckers o f the cercariae of P. reflexa  and P. a tom on  also are 
fitted  fo r these uses.

T he presence o f a fringe o f m icrovilli a round one o r both  suckers has been 
observed in cercariae belonging to o ther families than Opecoelidae (Koie 1971 
c, 1 9 7 6 ,1 9 7 8 , Z d ársk á  1977). The m icrovilli are lost -  either shed o r resorbed 
— d u rin g  the stay in the second in term ediate host, and in the case o f P. atom on  
a lready  before encystm ent. This indicates th a t their function may be associated 
w ith  absorp tion  o f nu trim ents during  the m igration in the snail tissue, o r that 
they may facilitate m igra tion  in the m olluscan o r second interm ediate hosts. 
The m icrovilli w hich cover the surface o f the cercaria of P. a tom on  may have 
the sam e functions. N o  cercaria has previously been described w ith long tegu­
m entary  microvilli.

Sensory structures com posed o f an  isolated  cilium or com posed o f a p it with 
several cilia are com m on in trem atodes. The type w ith  a cilium completely 
covered by tegum ent has apparen tly  previously only been described from  adult 
Schistosom a m anson i (see H ockley 1973).

A sim ilar increase in the tegum entary  surface as found for young m etacerca­
riae o f P. reßexa  and P. a to m o n  has previously been described for o ther opecoe- 
lid m etacercariae (Lo et al. 1975, Popiel 1976), bu t also for m etacercariae 
belonging to o ther fam ilies (see Koie 1977). All these m etacercariae have the 
com m on feature th a t they grow  inside the  interm ediate host, and  the fact that
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the m icrovilli o r o ther kinds o f tegum entary  processes disappear w hen the 
g ro w th  is com pleted suggests th a t the increase of the surface area is associated 
w ith  ab so rp tio n  of nutrim ents.

D ue to  the g rea t sim ilarity betw een m ature  P. a tom on  and P. reflexa  the latter 
has by e.g. R eim er (1970) and  Szuks (1975) been considered a synonym  of P. 
a to m o n . D aw es (1947) regarded P. reßexa  as a som ew hat dubious species.

T he ty p e-h o st o f P. reflexa  is the lum psucker, Cyclopterus lum pus L., and the 
type-locality  is the m iddle p a r t  o f the Baltic off the coast o f East Germany. 
N e ith e r B. u nda tum  no r N . antiqua  live in this p a rt o f the Baltic show ing th a t C. 
lum pus  m ust have been infested in an area w ith m ore saline w ater.

* In  D an ish  w aters P. a tom on  and  P. reflexa  are the only Podocotyle  species 
identified.

P ritchard  (1966) listed 17 Podocotyle  species from  fishes from  the colder 
w a te rs  o f the  Pacific and  A tlantic O ceans and ad jacent cold-w ater areas. Some 
o f  these species have already been listed as synonym s, and the num ber will 
u n d o u b ted ly  be fu rther reduced in the future.

E lucidation  o f life-cycles and  com parison  o f the larval stages may apparently 
be the  only m ethods by w hich it is possible to  separate  such m orphologically 
variab le  species as those o f P odocotyle. Ching (1979) w orked ou t experim en­
ta lly  the  life-cycle of P. endophrysi Park , 1937 from  V ancouver, the Pacific 
coast o f  C anada. The larval species w ere described as sim ilar to  those of P. 
a to m o n , and  this species has been found in fishes from  the same area. The first 
h o s t o f  P. endophrysi w as the snail Lacuna m arm orata  Dali. An am phipod, 
H yale  p lum ulosa  S tim pson, w as used as second interm ediate host. C ercariae of 
P. a to m o n  has been recorded from  tw o Lacuna  species from  the Barents Sea 
(C h u b rik  1966), and the am phipod  H . nilssoni R athke w as found naturally 
infested  w ith  P. a tom on  in W ales, G reat Britain (Jam es 1969). According to 
P ark  (1937) P. endophrysi differs from  P. a tom on  in the following characters: 
1 ) Sem inal vesicle sinuous instead o f being coiled, 2) an terio r p a rt o f cirrus sac 
p ro tru d e d  instead  o f un p ro tru d ed , 3) testes larger, close together instead of 
being sm aller and  separated  by a considerable distance or by vitellaria. H ow ­
ever, I found  th a t these characters also are valid for P. atom on. The protruded 
p a r t  o f  the  cirrus sac o f  P. endophrysi is covered w ith  m inute spinules (Park 
1937). T hese spines could n o t be found on a paratype specim en of P. endo­
p h rysi stud ied  by P ritchard  (1966). T he knobs found on the p ro truded  cirrus of 
P. a to m o n  in  m y m ateria l m ay, using light m icroscopy, be in terpreted  as small 
sp ines. T h e  m orphology  o f the m ature P. endophrysi figured by Park (1937) 
and  C hing (1979) falls w ith in  the range o f  variations found in P. atom on.

M acK enzie &  G ibson (1970) found P odocotyle  sp. and  P. a tom on  in floun­
ders from  Scotland. Podocotyle  sp. differed from  P. a tom on  in the length to 
b read th  ra tio , size o f testes and  ovary, length o f cirrus sac, ra tio  of oral to 
ven tra l sucker and  o ther unm entioned characters. H ow ever, the draw ings o f the
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tw o species show  th a t b o th  fall w ith in  the range o f variations found  in P. 
a to m o n . A lthough no experim ental infections apparently  were carried ou t the 
above m entioned P odocotyle  sp. w as la ter (G ibson 1974) nam ed P. staffordi 
M iller, 1941. The cercaria suggested to develop into P. sta ffordi w as found  in 
L. saxatilis, bu t differed from  the cercaria o f P. atom on. P. sta fford i has been 
considered a synonym  o f P. a to m o n  (see H eller 1949, Pritchard  1966).
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