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Abstract-—Van Damm e P. A. & O llevier F . 1995. M orphological and m orphom etric study o f  crustacean 
parasites within the genus Lernaeocera. International Journalfor Parasitology  25: 1401-1411. Two species of 
Lernaeocera are present in the southeastern N orth  Sea. Lernaeocera lusci infects bib Trisopterus luscus, 
dragonet Callionymus lyra  and sand goby Pomatoschistus minutus. L, minuta is a junior synonym of L. lusci. 
The second valid species, L. branchialis, infects whiting Merlangius merlangus. The two species can be 
morphologically separated by the antennary processes, which are present in L. lusci and absent in L. 
branchialis. D iscrim inant functions allow complete separation between L. lusci and L. branchialis. There is 
high intraspecific, host-dependent variability within L. lusci. Length o f L. lusci is significantly influenced by 
host size, and body form is influenced by the site of attachm ent o f L. lusci on at least one host (bib). It is 
suggested tha t L. lusci consists o f 3 forms: f. lusci, f. minuta and f. lyra.

K ey words: Lernaeocera branchialis', Lernaeocera lusci: m orphom etry ; copepoda.

IN T R O D U C T IO N
T h e  p o s t-m e tam o rp h o sis  fem ales o f  Lernaeocera  

species a re  charac te rized  by a  th o rac ic  h o ld fas t, 
n o rm a lly  consisting  o f  1 do rsa l b ra n c h  an d  2 la tera l 
b ranches . T hese s tru c tu res  a re  used  fo r deep  pene
t ra t io n  in the  definitive h o s t tissues, hence the  nam e 
m eso p a ra s ite s  fo r the m em bers o f  th is genus 
(K a b a ta , 1979). T he  g en ito -ab d o m in a l p a r t ,  how 
ever, is ex te rna l to the  host.

T h e  lite ra tu re  on  the  genus Lernaeocera  con ta in s  
m an y  descrip tions o f  tax a  b ased  on  u n u sually  shaped  
ind iv idua ls . K a b a ta  (1979), in the  m o s t recent 
th o ro u g h  investigation  o f  the  genus, a rg u ed  th a t 
on ly  a  sm all n u m b e r o f  Lernaeocera  species a re  valid. 
T h e  sam e au th o r a lso  p resen ts  s tro n g  evidence th a t 
Lernaeocera  lusci an d  L . branchialis  a re  2 separa te  
species, the  absence (L . branchialis) o r presence 
(£ .  lusci) o f  an ten n ary  p rocesses being  the  m ain  
d is tin g u ish in g  ch arac te ris tic  (S linn , 1970; K a b a ta , 
1979). M oreover, T ira rd  (1991), using  enzym e

electrophoresis , fo u n d  th a t  no  gene flow occurred 
betw een sym patric  p o p u la tio n s  o f  L . lusci and  L. 
branchialis.

The valid ity  o f  a  th ird  species, L . m inu ta  (Scott, 
1900), still requ ires co n firm atio n  (K a b a ta , 1979). 
T h e  general app ea ran ce  an d  the  s tru c tu re  o f  the 
appendages o f  L . m inu ta  a re  m orpho log ica lly  very 
sim ilar to  those o f  L. lusci. I t  h as  therefo re  been 
do u b ted  w hether the  2 can  be considered  to  be 
d istinc t species. T h e  m ain  ch arac te ris tic  used to 
d istingu ish  L . m inu ta  from  L . lusci a n d  L . branchialis 
is its sm aller size, a  c rite rio n  o f  d o u b tfu l taxonom ic 
significance fo r pa rasitic  c ru s tacean s  (K a b a ta , 1979). 
Indeed , if  the  size c rite rio n  p roves to  be o f  lim ited 
use, a need  arises fo r a lte rn a tiv e  m e th o d s to  detect 
app reciab le  differences betw een L . m inu ta  and  the 
o th e r species. I t is obv ious th a t  a  th o ro u g h  tax o 
nom ic study  shou ld  p recede ecological studies on  the 
p o p u la tio n  dynam ics o f  these p a ra s ite  species. T his 
effort is n o t superfluous, because co rrec t in te rp re ta 
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tion  o f  the results ob ta ined  by ecological s tud ies on 
these  p arasites  depends heavily on  the va lid ity  o f  the 
species on  w hich they locus.

T h e  system atics o f  pa rasitic  c ru s tacean s  a re  
p a rticu la rly  difficult to s tudy  because m any  o f  their 
m orpho log ica l s truc tu res have u n d e rg o n e  d ras tic  
reduction . R ecent m ethods fo r s tudy ing  spéc ia tion  
w ith in  pa rasitic  cru staceans include m o rp h o m etry  
(B astide-G uillaum e, D ouëllou , R o m estan d  & Trilles. 
1987; T ira rd , 1991) and, especially , enzym e e lectro 
phoresis (B astide-G uillaum e et ul.. 19S7: Z eddam  et 
al., 1988; de M eeus. R enaud  & G a b rio n , 1990; 
T ira rd , 1991). In the p resen t p a p er we will call on 
m o rp h o m etries  as a first step  to w ard s  the e luc idation  
o f  spéc ia tion  w ithin this genus.

D uring  regu la r coasta l an d  e s tu a rin e  fish surveys 
in the Belgian and  D utch  coasta l w aters  co nducted  
betw een 19S8 and  1992. m any  dem ersa l fish species 
w ere found to h a rb o u r m a tu re  fem ales o f  Lernaeo
cera lusci. Bib Trisopterus luscus, w h iting  M erlangius  
m erlangus , sand  goby P om atoschistus minutus^  d rag- 
o n e t C allionym us lyra  and  five-bearded rockling  
C iliata m ustela  all p layed a m ore  o r  less im p o rtan t 
role in the life-cycle o f  e ithe r Lernaeoera lusci, L. 
branchialis  o r  L. m inuta  (cf. V an D am m e & 
H am erlynck , 1992; V an D am m e et al.. 1993; Van 
D am m e & O llevier, 1994). As well as the  cen tra l 
question  concern ing  the valid ity  o f  Lernaeocera  
species, the  question  o f  w hich p a rasite  species infects 
w hich h o st species will be add ressed  in the p resen t 
s tudy.

T h e  ou tline  o f  this study  is as follows: (1) a 
m o rpho log ica l s tudy  (by scann ing  e lectron  m icro
scopy) was carried  o u t o f  the h ead  reg ion  o f  parasites  
co llected  from  4 d ifferent host species (d rag o n e t, bib. 
w hiting , s an d  goby). Special a tte n tio n  w as pa id  to 
the  p resence o f  the an ten n ary  processes. (2) T he 
effect o f  h o st length on  the size o f  L. lusci o ccurring  
on  b ib . d rag o n e t and  sand goby  w as s tud ied . By 
testing  the  h o st size-dependence o f  p a rasite  length , 
the hypo thesis  th a t parasite  size is a su itab le  c rite rion  
to  d iscrim ina te  betw een Lernaeocera  species is 
assessed. (3) T he th ird  aim  is to  assess the 
m o rp h o lo g ica l sim ilarity  betw een Lernaeocera  in d i
v iduals  on the basis o f  selected co m b in a tio n s  o f 
m o rp h o m etric  variables and  to iden tify  fac to rs  (host 
species, site o f  a ttachm en t) w hich de te rm in e  the 
m o rp h o lo g ica l variab ility  o f the valid  species. T he 
degree o f  interspecific and  in traspecific  m o rp h o 
logical v ariab ility  is stud ied  by m u ltiv a ria te  m ethods.

M A T ER IA LS AND M E T H O D S  
P arasites from  4 dem ersal fish species were exam ined. The 
fish were collected with a beam traw l by m eans o f  research 
vessels o r com m ercial shrim p trawlers in the O osterscheldc

Fig. 1. H ead o f  H-types and K -types o f  Lernaeocera lusci.

and  along the Belgian coast. The following species were 
collected: sand gobies Pomatoschistus m inutus, b ib Trisop
terus luscus, whiting Merlangius merlangus and  dragonet 
Callionymus lyra.

The fish were transferred  to  a 7%  form alin solution 
im m ediately after capture. A bou t 1 m onth la ter the fish 
were transferred  to e thano l 70% . All parasites which were 
collected from  one host species were grouped a priori. Thus. 
4 source groups were distinguished: LL TL (L . lusci on bib). 
LM PM  (L. m inuta  on sand  goby), LLCL (L . lusci on 
d ragonet) and  LBM M  (L . branchialis on w hiting). The 
source groups contained 49, 39. 36 and  17 individuals, 
respectively. G roup  LLTL was further divided in to  2 
subgroups LL TLk and L L TLH- The definition o f  these 
subgroups was based on the occurrence o f  2 different types 
o f  Lernaeocera lusci on bib: the first type (K ) has a well 
developed dorsal branch  and  no lateral branches, the second 
type (H ) has bo th  dorsal and  lateral branches. The 
differences between the different types are sum m arized in 
Fig. 1. F o r L. lusci collected from  bib there was a significant 
correlation  between the type and  the site o f  attachm en t: all 
K -specim ens were em bedded with their proxim al parts 
com pletely w ithin the gili arch  tissue, while H -specim ens 
were significantly m ore often em bedded w ith the ir head in 
the posterior ridge o f  the gili cham ber (x2 == 43.9, 
PcO .OO l). Subgroups L L T L * and  L L T L h con ta ined  30 
and  17 specimens, respectively. O ne H -type specimen was 
em bedded in the gili a rch  and  was excluded from  the 
analysis. F o r ano ther specimen the exact site specificity was 
uncertain. T he num ber o f  K -parasites in L. lusci, collected 
from  P. m inutus and  from  C. lyra was negligible.

The m orphology o f  the adu lt female Lernaeocera  was 
studied by scanning electron m icroscopy. O nly the head 
region was taken into account. P articu la r a tten tion  was 
given to the presence o f  the an tennary  processes.

T otal parasite length (G) was m easured as in Fig. 2. The 
to tal length o f  the fish was m easured from  the tip o f  the
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Fig. 2. Body measurements A-G  ot' Lernaeocera spp. 
(A = length proboscis. B = length neck. C = length 
abdomen. D = width neck. E = width trunk, F = width 

abdomen. G = total length).

mouth to the end of the tail. Linear regression equations of 
the form y  = a+bx describing the relationship between host 
size (jc) and parasite size (j) were calculated. The signifi
cance of the regression coefficients was tested (F-lest).

Length of proboscis, length of neck, length of abdomen, 
width o f neck, width of trunk, width of abdomen and total 
length were measured as in Fig. 2. Prior to further 
calculations the means for the variables were calculated. 
Subsequently, covariance analysis (ANCOVA) was used to 
check whether significant differences occurred between the 
means.

Size-effects were removed from the data matrices by a 
multivariate adjustment. Application of Burnaby’s (1966) 
method, as modified by Rohlf & Bookstein (1987), to the 
data  matrices yielded adjusted variables A'-G'.

To detect interspecific and intraspecific morphological 
variability of Lernaeocera, 4 source groups LLTL, LLCL, 
LM PM  and LBMM were used (141 parasites). The data 
were subjected to a stepwise forward discriminant analysis 
to select a subset of variables. Then, the selected variables 
were subjected to a canonical discriminant analysis (CDA). 
M ahalanobis distances between individual observations 
were calculated. Subsequently, individual observations were 
allocated to the group for which they had the minimal 
M ahalanobis distance. These analyses were carried out with 
the raw data matrix and with the matrix containing adjusted 
data.

Furtherm ore, source groups LLTLk , LLTLh , LLCL and 
LM PM  (a total of 122 individuals) were used to test the 
effect o f host identity and site of attachment on the 
morphology o f L, lusci and L. minuta. The data were 
corrected for size-effects by Burnaby’s (1966) method. After 
that, the same procedure as described above was followed.

1403

R ESU LTS
T he head  region  o f  Lernaeocera  from  d ifferent host 

species is show n  in F ig . 3. T h e  ho ld fasts  o f  the 
m a jo rity  o f  ind iv idua ls  have 1 do rsa l (D a ) a n d  2 
la te ra l b ran ch es  (L a), often  o f  u nequal length. 
I erntw nrera branchialis (definitive host: w hiting) 
(F ig . 3A ) can  be clearly  d istinguished from  all o th e r 
ind iv idua ls  by the  absence  o f  an ten n ary  processes 
(A p). T h e  m o u th  o f  this species is a t  the  an te r io r  end 
o f  a  sh o rt p robosc is. A  ringed ch itinous s tru c tu re , the 
bucca l tube , d is ta l o f  th e  m o u th  eone (M t), form s the 
m o u th  open ing . All parasites  belonging  to  the  species 
Lernaeocera lusci an d  collected from  Trisopterus 
luscus an d  C allionym us lyra  possess an te n n ary  
p rocesses (A p) (F ig . 3B, C). T he a n ten n ary  processes 
consist o f  2 b ran ch es  w hich m ay be sim ple o r 
subd iv ided  (F ig . 3B). T h e  m o u th  eone (M t) is located  
a t  the apex  o f  a long  p roboscis  and  ap p ea rs  to  be 
longer th a n  in L . branchialis. Ind iv iduals  collected 
from  d ra g o n e t an d  b ib  are m orpho log ica lly  indis
tingu ishab le  from  L . m inuta  collected from  sand  
goby. T h o u g h  the  p robosc is  o f  ind iv iduals  collected 
from  san d  gobies (F ig . 3D ) seem s to  be sh o rte r  th an  
in L. lusci co llected  from  bib, the general appearan ce  
is the  sam e: a  la te ra l view clearly  show s the 
an te n n a ry  p rocesses (A p), the m o u th  eone (M t) and  
the  th o rac ic  legs (Le).

T he  effect o f  h ó s t size on  the to ta l leng th  o f  
Lernaeocera lusci is p lo tted  in Fig. 4. F o r  L L T L  and  
fo r L L C L  a  sign ifican t positive re la tionsh ip  w as 
fou n d  betw een p a rasite  size an d  h o st size. T here  was 
no  such  co rre la tio n  fo r  L M P M . T he  lin ea r regression  
e q u a tio n s  w hich describe  the  re la tionsh ip  betw een 
to ta l h o s t leng th  a n d  to ta l parasite  leng th  a re  show n 
in T ab le  1.

T he  m eans o f  the  to ta l length  o f  th e  4  source 
g ro u p s  (L L T L , L M P M , L L C L , L B M M ) a re  show n 
in T ab le  2. T h e  la rgest indiv iduals were L . branchialis 
co llected  from  w hiting  (m ean  22 m m ), fo llow ed by  L. 
lusci from  d ra g o n e t (m ean  15 m m ), L . lusci from  bib 
(m ean  14 m m ) an d  L . lusci from  sand  go b y  (m ean  
10 m m ). Because p a ra s ite  size w as strong ly  depen 
d en t on  h o s t size, the  m easurem ents w ere ad ju sted  
fo r  pa ra site  leng th  b y  covariance  analysis. T h e  m eans

Table 1—Coefficients o f linear regression equations o f the 
form y  =  a+bx describing the relationship between total 
parasite length (y) (mm) and fish length (x) (mm) for 
Lernaeocera lusci (from bib, dragonet) and L. minuta (from 

sand goby)

Host species n a b

Bib 75 5.14 0.06***
Dragonet 53 7.84 0.04**
Sand goby 31 7.70 0.01 ns

ns = not significant; ** = PcO.OI; *** = PcO.OOl.
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Fig. 4. T he correlation  between parasite  size (total length) o f 
Lernaeocera lusci and  L. m inina  (source groups LLTL. 
L L C L, L M PM ) and host size (to tal length) lo r 3 different 

host species (sand goby, dragonet, bib).

o f  th e  a d ju sted  variab les a re  show n in T ab le  2. 
S ignificant differences (A N C O V A : PcO .O O l) in the 
m ean  ad ju sted  values w ere found  fo r a ll m easures 
excep t a b d o m e n  length  (P > 0 .0 5 ) .  L. lusci on  b ib  had  
a  significantly  longer p robosc is  th an  L. lusci on 
d ra g o n e t an d  sand  goby . L . branchialis h ad  the 
sh o rte s t p robosc is. L . lusci o n  d ra g o n e t was c h a rac 
te rized  by a significantly  lo n g er and  b ro ad e r neck 
th a n  all o th e r  g roups . O n  the  o th e r han d , this g ro u p  
h a d  a  very n a rro w  tru n k  a n d  a  constric ted  abdom en . 
L. lusci on  b ib  w as ch arac te rised  by significantly  
h ig h e r values th a n  all o th e r  g ro u p s  for these la tte r 
variab les.

A n  a priori stepw ise fo rw a rd  d iscrim inan t analysis 
show ed  th a t the  va riab le  neck w id th  cou ld  be 
rem oved  from  the d a ta  set. T h u s , only the rem ain ing  
6 variab les w ere used  in the  canon ica l d iscrim inan t 
analysis . T h e  e igenvalues fo r the 3 d iscrim inan t 
fu n c tio n s  w ere 4.13, 1.33 an d  0.83. T he th ree  ro o ts  
a cco u n ted  fo r  66. 21 an d  13% o f  the exp lained  
v a riance, respectively. T h e  first d iscrim inan t func tion  
w as m ain ly  de term ined  by to ta l length. Indeed, it was 
fo u n d  th a t the  first c an o n ica l ro o t an d  to ta l leng th  
w ere highly co rre la ted  (r =  0.94). A lso the second 
d isc r im in an t function  is de te rm in ed  m ostly  by to ta l 
leng th , b u t the. variab les tru n k  w id th  an d  ab d o m en

w idth  also  co n tr ib u te  (w ith  negative  sign) to this 
func tion . D isc rim in a n t fu n c tio n  3 is determ ined 
m ainly  by v a riab le  p ro b o sc is  length. A sca ttc rp lo t 
fo r the  first 2 d iscrim in an t func tions  is show n in 
Fig. 5Â . L . lusci a n d  L . m inu ta  (source g roups 
L M P M , L L T L  a n d  L L C L ) an d  L . branchialis 
(source  g ro u p  L B M M ) a re  d istinc tly  sepa ra ted  along 
the first ax is (w hich  w as highly  co rre la ted  with 
pa ra site  leng th , see above). T h e  sm aller individuals 
o f  sou rce  g ro u p  L M P M  a re  p lo tted  to  the left. 
C alcu la tio n  o f  the  second  fu n c tio n  allow ed fo r some 
a d d itio n a l d iscr im in a tio n  betw een source g roups 
L L T L  (ch arac te rised  by h igh  values fo r the  variables 
tru n k  w id th  a n d  a b d o m en  w id th ) an d  the poo l o f 
g ro u p s  L L C L  a n d  L M P M . Because the th ird 
d iscr im in an t fu n c tio n  exp la ined  a relatively high 
p ro p o r tio n  o f  the  variance  (13% ), the  individuals 
w ere a lso  p lo tte d  in the  p lane  o f  R o o ts  1 and  3 
(F ig. 5B). A lo n g  the  th ird  axis som e add itiona l 
sep a ra tio n  w as o b ta in e d  betw een L M P M  and  
L B M M  (bo tlj ch a rac te rise d  by a  relatively sho rt 
p robosc is) on  the  one  h an d , an d  L L C L  and  LL T L  
(b o th  w ith  lo n g er p robosc is) on  the  o th e r hand. 
C alcu la tio n  o f  M ah a la n o b is  d istances fo r individual 
cases revealed  th a t  all w h iting  parasites  were 
a llocated  to  the  co rrec t source g roup . T h o u g h  9%  
o f  the L. lusci w ere a llo ca ted  to  the w rong  source 
g ro u p , n o n e  o f  these  w as assigned to  the  w hiting  
g ro u p  (T ab le  3). T h u s , this analysis yielded 100% 
d iscrim in a tio n  betw een L . lusci and  L . branchialis.

Size co rre c tio n  by  B u rn ab y ’s m e th o d  yielded 7 
ad ju sted  variab les. W h en  stepw ise fo rw a rd  dis
c rim in a n t analy sis  w as app lied  to  the ad ju sted  d a ta  
m atrix  one va riab le  (ab d o m en  leng th) w as excluded 
from  the  m odel. A p p lica tio n  o f  canon ica l discrim i
n a n t analysis to  th e  resu lting  d a ta  m atrix  o f  6 
variab les an d  141 cases yielded 3 axes w ith eigen
values o f  1.42, 1.28 an d  0.29, respectively. T he  per
cen tages o f  the  to ta l variance  exp la ined  by the  three 
e igenvectors w ere 48, 42 an d  10% . D iscrim inan t 
func tions 1 a n d  3 w ere m ainly  dete rm ined  by

T ab le  2— M eans and  S.D . o f  body m easurem ents (in mm ) for 4 groups o f  parasites (Lernaeocera lusci on d ragonet and  bib, 
L . m inuta  on sand goby and  L . branchialis on whiting). All m easurem ents except to ta l length were adjusted  fo r to tal length

by covariance analysis

H ost:
G roup :

Sand gobv 
LM PM  '

D ragonet
LL C L

Bib
LL TL

W hiting
LBM M

L ength  proboscis 1.34 (0 .28)^ 1.51 (0.42)b 1.78 (0.35)“ 0.98 (0.28)'
L eng th  neck 3.66 (0.55)b 4.23 (0.94)“ 3.08 (0.79)b 2.84 (0.45)b
L ength  abdom en 3.73 (0.41)“ 3.82 (0.46)a 3.76 (0.37)“ 4.34 (0.40)“
W id th  neck 0.60 (0.16)b 0.78 (0.12)“ 0.66 (0.10)b 0.62 (0.11)°
W id th  trunk 2.39 (0.36)b 1.97 (0.29)c 2.67 (0.34)“ 2.14 (0.34)b
W id th  abdom en 1.26 (0.25)b 1.04 (0.17)c 1.51 (0.24)“ 1.16(0.19)'
T o ta l length 9.9 (1.2)c 14.7 (2.5)b 14.0 (1.7)b 22.2 (3.1)“

M e a n s  w ith  the  sam e  s u p e rs c r ip t  in th e  sam e ro w  a re  n o t  sig n if ican tly  d iffe re n t (T u k e y  te s t fo r  u n e q u a l  sa m p le  sizes).
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Fig. 5. S catterp lo ts derived from  a canonical d iscrim inant analysis on body m easurem ents (raw  d a ta ) o f  4 
source groups (LL TL, L L C L , L M P M , LBM M ); (A) the plane form ed by axes 1 and  2, (B) the p lane  form ed 

by axes I and  3. The individuals o f  all groups are outlined.

probosc is  leng th  a n d  neck leng th , respectively. 
Several variab les  c o n trib u ted  eq ually  to  d iscrim inan t 
fu n c tio n  2. T h e  best sep a ra tio n  betw een  L. branchialis 
a n d  L . lusci w as o b ta in ed  a long  th e  first an d  second 
axes (F ig . 6). T h e  th ird  axis gave som e ad d itio n a l 
sep a ra tio n  betw een  L M P M  o n  the  one h a n d  and  
p o o led  g ro u p s  L L C L  an d  L L T L  on  the  o ther. 
O verall, 98%  o f  a ll ind iv idua ls  w ere assigned to  the

co rrec t species (T ab le  3): next to  all w h itin g  parasites  
3 L . lusci w ere classified in the  L B M M  source  group . 
A b o u t 21%  o f  L . lusci w ere classified to  a w rong 
L. lusci source  g roup .

T h e re  w as no  significant difference in  to ta l length  
betw een p arasites  be long ing  to  th e  K - o r  H -type 
(F  =  4.2, P > 0 .0 5 )  (T ab le  4). T h e  m ean s  o f  the 
ad ju sted  m easu rem en ts  o f  sou rce  g ro u p s  L L C L ,

T able 3— D iscrim inan t analyses on body m easurem ents (A -G )  o f  Lernaeocera lusci, L . m inula  and  L. branchialis'. 
classification m atrix  displaying the num ber o u t o f  141 parasites w hich were allocated to  the g roups fo r w hich they have the 
m inim um  M ahalanob is distance. (A) R aw  data  m atrix, (B) d a ta  fo r source groups LM P M , L L T L , L L C L  and  LBM M , 
adjusted  for size-effects by B urnaby’s m ethod, (C) data  for source groups L L T L H, L L T L k , L L C L, L M P M , adjusted  for

size-effects by B urnaby’s m ethod

Source group % correctly classified Number allocated to group Total

LM PM L L C L LLTL LBM M

LM P M 92 33 1 2 0 36
LL C L 90 2 35 2 0 39
LLTL 94 0 3 46 0 49
LBM M 100 0 0 0 17 17
Sum 93 35 39 50 17 141

LM PM 72 26 2 7 1 36
LL C L 87 3 34 1 1 39
LL TL 74 11 1 36 1 49
LBM M 100 0 0 0 17 17
Sum 80 40 37 44 20 141

LM P M 78 28 3 3 2 36
LL C L 87 4 34 0 1 39
L L T L k 71 4 0 12 1 17
L L T L h 90 2 1 0 27 30
Sum 83 38 38 15 31 122
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LB M M ); (A) the plane form ed by axes 1 and  2, (B) the plane form ed by axes 1 and 3. T he 

individuals, o f  all g roups  are outlined.

L M P M , L L T L k a n h L L T L H, w hich w ere correc ted  
fo r  to ta l leng th  by  covariance  analysis, a re  show n in 
T a b le  4. T h e re  w ere significant differences betw een 
so u rc e  g ro u p s  L L T L H an d  L L T L k fo r 2 o u t o f  6 
va riab les: the  neck  w as longer in L L T L H , w hereas 
th e  p ro b o sc is  w as longer in L L T L K.

A ll va riab les  w ere selected by stepw ise fo rw ard  
d isc r im in a n t analysis  and  w ere subjected  to  c anon ica l 
d isc r im in a n t analysis. R oo ts  1 (Lj =  2.02) a n d  2 
(X2 =  0.92) a cco u n ted  together fo r 97%  o f  the  
v a ria n ce . D iscrim in an t functions I and  2 w ere m ain ly  
d e te rm in e d  by the  variab les p roboscis  leng th  and  
neck  leng th . Ind iv iduals  belonging  to source g ro u p s 
L L T L k  an d  L L T L h w ere sepa ra ted  a long  th e  first 
a n d  second  axes (F ig . 7). T h e  good  sep a ra tio n  
b e tw een  these  2 g ro u p s is also  show n by the  c lassi
fic a tio n  m a trix  (T able 3): 71%  o f  the  K -type  
p a ra s ite s  w ere  assigned to  the  correc t source g ro u p  
(a  single  in d iv id u a l w as assigned to  L L T L h ), w hereas 
9 0 %  o f  the  H -ty p e  p arasites  were classified in the

co rrec t source g ro u p  (no  indiv iduals w ere assigned to 
L L T L k).

DISCUSSION 
Species belonging  to  the genus Lernaeocera are 

ch arac te rised  by a h igh  degree o f  m orpho log ica l 
variab ility . T heir size an d  shape is p ro b ab ly  d e te r
m ined  by an as yet unknow n  com bina tion  o f  genetic 
a n d  env ironm en ta l facto rs, the la tte r includ ing  h o st 
iden tity , host size an d  site o f  a ttach m en t. I t  is 
th e re fo re  n o t su rp ris ing  th a t taxonom ists  accep t only  
few  charac te ris tics  as valid  recognition  m a rk s  fo r 
Lernaeocera species (K a b a ta , 1979; E iras & San tos, 
1990). K a b a ta ’s (1979) key to  the  species o f 
Lernaeocera allow s fo r distinguish ing  L. lusci from  
L. branchialis. T he m ost im p o rtan t difference is the 
p resence  o f  the an ten n ary  processes in L. lusci 
(ab sen t in L. branchialis). H ow ever, B astide-G uil
laum e et al. (1987) have d o u b ts  a b o u t the  use o f  the 
an te n n a ry  processes as a  recognition  m ark . T heir

T a b le  4—-M eans and  S.D . o f  7 body m easurem ents (in m m ) o f  L. lusci (source groups L L T L K, LL TLH and  LL C L) and  
L . m inula  (source group LM PM ). The first 6 m easurem ents were ad justed  for to tal length by covariance analysis

H o st:
G ro u p :

Sand goby 
LM PM

D ragonet
LL C L

Bib
L L T L k

Bib
L L T L h

L eng th  proboscis 1.22 (0.27)b 1.40 (0.39)b 1.77 (0.27)a 1.37 (0.3 l ) b
L e n g th  neck 2.56 (0.48)b 3.55 (0.92)a 2.29 (0.13)b 3.31 (0.59)a
L e n g th  abdom en 2.93 (0.28)b 3.27 (0.47)a 3.41 (0.29)a 3.14 (0.36)ab
W id th  neck 0.51 (0.15)' 0.74 (0.11)a 0.61 (0.10)b 0.67 (0.09)ab
W id th  tru n k 2.09 (0.33)b 1.76 (0.28)b 2.49 (0.34)a 2.46 (0.27)a
W id th  abdom en 1.12 (0.23)b 0.95 (0.17)b 1.48 (0.17)a 1.33 (0.21)“
T o ta l length 9.90 (1.20)b 14.7 (2.50)1 16.46 (1.80)a 15.86 (0.20)“

M e a n s  w ith  th e  sa m e  su p e rsc r ip t in the  sam e  ro w  a re  n o t  s ig n if ican tly  d iffe ren t (T u k e y  te s t fo r  u n e q u a l s a m p le  sizes).
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Fig. 7. Scatterplots derived from  a canonical d iscrim inant analysis on  4 L . lusci source groups after 
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o f  groups L L T L k and L L T L H are  show n.

h y p o th e sis  is th a t these secondary  s truc tu res, w hich 
secu re  a tta ch m e n t o f  L. lusci to the gili arches, m igh t 
n o t  dev e lo p  in parasites  w hich a re  a ttach ed  to  o th e r 
sites. C o u n te r-a rg u m en ts  w ere ob ta ined  d u rin g  the 
p re sen t s tudy ; all L . lusci a ttached  to  u ncom m on  
p laces on  b ib  (host surface, p o sterio r ridges, oper- 
cu la ) d eveloped  an ten n ary  processes (th o u g h  o f 
d iffe ren t sizes). O ne single L . branchialis w hich was 
a tta c h e d  to  gili arch  4 did n o t possess these 
s tru c tu re s . M oreover, T ira rd  (1991) found  th a t  all 
p a ra s ite s  possessing  an tennary  processes w ere geneti
cally  d is tin c t from  parasites w ithou t processes. In 
co n clu sio n , the  an ten n ary  processes can indeed  be 
u sed  fo r  th e  identification  o f  these parasite  species. 
T h ese  s tru c tu re s  a re  clearly  d istinct from  a p p aren tly  
an a lo g o u s  struc tu res  in Lernaeenicus, a co p ep o d  
p a ra s ite  o f  sp ra t. A ccord ing  to R aibau t, B errebi & 
R o u sse t (1986) these la tte r struc tu res, the presence  o f  
w h ich  w as o rig inally  used  as a  c rite rio n  fo r 
d isc r im in a tio n  betw een the 2 species, a re  m o rp h o 
log ica l a d a p ta tio n s  to the site o f  a tta ch m en t o n  the 
h o s t.

T h o u g h  it is well docum ented  th a t the  size o f 
a n im a ls  is greatly  influenced by env ironm en ta l 
fa c to rs , th is  phenom enon  is less well docu m en ted  
fo r  p a ra s it ic  c rustaceans. I t m ay  occur especially  in 
h o s t-c o p e p o d  system s in w hich indiv idual h osts  offer 
lim ited  resources o r in which pa rasite  size is 
in fluenced  b y  spatial restric tions. The la tte r  fa c to r 
m a y  be  o f  im p o rtan ce  in Lernaeocera  spp.: the size o f  
these  p a ra s ite s  is p ro b ab ly  constra ined  by the size o f  
the  gili ch am b er. Since there also exists a  re la tion

betw een p a ra s ite  size an d  rep roductive  o u tp u t, it is 
obv ious  th a t  p a ra s ite s  m ay  have som e ad v an tag e  in 
in fecting  la rg e r hosts. T h e  effect o f  h o s t size on  the 
to ta l len g th  o f  Lernaeocera  spp. h a s  never been 
investigated  in  d ep th . In  a  recent s tu d y  on  the 
m o rp h o m etry  o f  Lernaeocera lusci (cf. E iras & 
S an to s , 1990) the  h o s t size is no t even m entioned. 
S co tt (1900) described  Lernaeocera m inuta , solely on 
the g ro u n d s  o f  its sm all size as com pared  to  the  o ther 
species o f  th e  genus. K a b a ta  (1979) considers L. 
m inu ta  ten ta tiv e ly  as a  valid  species, th ough  he 
expresses d o u b ts  a b o u t the reliability  o f  pa rasite  size 
as a  d iag n o stic  c rite rion . The p resen t s tu d y  shows 
th a t p a ra s ite  size is significantly  influenced by ho;;: 
size a n d  th e re fo re  sh o u ld  n o t be used as a  criterion  
fo r species defin ition .

P a ra s ite  len g th  is p ro b ab ly  also influenced by o ther 
fa c to rs  th a n  h o s t size. F o r  exam ple, the  size o f  
m a tu re  p a ra s ite s  m ay  be age-specific ra th e r  th an  host 
s ize-dependen t. T h is  hypo thesis cou ld  n o t be tested 
fo r L . lusci o n  Trisopterus luscus, because the age o f  
the  h o s t a n d  the  tim e w hen the pa rasites  had  invaded 
the ir h o s t w ere  n o t know n . A  second fa c to r which 
cou ld  possib ly  influence parasite  size is intra-specific 
co m p e titio n . T h is  phenom enon , w hich is particu larly  
well k n o w n  fo r  in tes tinal parasites  (R ead , 1959; 
H o lm es, 1961), h a s  n o t been described  fo r copepod  
ecto- a n d  m esoparas ite s . E vans et al. (1983) failed to 
find ev idence fo r a  c row ding  effect w ith in  Lernaeo
cera lusci in frap o p u la tio n s . H ow ever, pa ra site  length 
o r w eight m ay  n o t be the best pa ram eters  to evaluate 
the c ro w d in g  effect. D eterm in ing  the  reproductive
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o u tp u t m ay  be m ore  su itab le  fo r m easuring  density- 
d e p en d en t effects (K eym er, 1982).

A  conclusion  from  this s tu d y  is th a t parasite  size 
shou ld  be d isca rd ed  as a species charac te ristic  
because  o f  its h igh  dependence  on  host size. T h e re 
fore, we do  n o t accep t the va lid ity  o f  L. m inula  and  
con sid e r it to  be  a  ju n io r  synonym  o f  L. lusci.

Based on  K a b a ta 's  key an d  considering  the host- 
dependence  o f  p a ra s ite  size, on ly  2 valid species are 
accep ted : Lernaeocera  lusci an d  L. branchialis. H ence 
th e  p ro p o sa l fo r the  follow ing key to the species o f  
Lernaeocera'.

A ntennary  processes p re s e n t L. lusci
A ntennary  processes a b s e n t  L. branchialis

T he p a rasites  on  w hiting  all belong to  the species 
Lernaeocera  branchialis, an d  the  parasites  on  bib, 
d ra g o n e t a n d  san d  goby  all be long  to the species 
Lernaeocera  lusci.

In  the p a st, specific c h arac te rs  used to d istinguish  
b etw een  Lernaeocera  species included  the shape o f 
th e  an tle rs  (S co tt & S co tt, 1913;-S tekhoven, 1936), 
th e  w id th  o f  the  neck  (K a b a ta , 1957), the flexure o f  
th e  a b d o m en  (K a b a ta , 1957), the  shape  o f  the tru n k  
(K a b a ta ,  1957) a n d  the s tru c tu re  o f  the cep h a lo th o r
acic ap p en d ag es  (S tekhoven , 1936). A t p resent, there 
is general ag reem en t th a t m o s t o f  these charac te rs  
c a n n o t be ap p lied  fo r descrip tion  o f  Lernaeocera  
species (K a b a ta ,  1979; E iras & S an tos. 1990) b u t a 
th o ro u g h  s tu d y  o f  the  fac to rs  w hich affect the 
m o rp h o lo g y  o f  Lernaeocera  spp . has never been 
u n d e rtak en . So fa r m o rpho log ica l charac te rs  do  no t 
seem  to  exist w hich  w ould  ju s tify  the descrip tion  o f  
m o re  th a n  2 species. H ow ever, the  question  w hether 
o th e r  c rite ria  exist w hich can  be used to  d iscrim inate  
be tw een  L ernaeocera  lusci and  L . branchialis should  
be fu r th e r  add ressed .

T h e  e x p lo ra to ry  analyses o n  the raw  d a ta  m atrix  
y ie lded  100%  sep a ra tio n  betw een Lernaeocera lusci 
a n d  L . branchialis. A t first glance, this separa tion  
a p p e a rs  to resu lt from  size differences betw een the  2 
species. Indeed , the  first axis reflects an  increasing  
g ra d ie n t in size (F ig . 5), w ith  the  largest indiv iduals 
(L B M M ) being  p lo tte d  a t the  one extrem e an d  the 
sm alles t in d iv idua ls  (L M P M ) a t the o th e r ex trem e 
e n d  a long  th is axis. H ow ever, it has been argued  th a t 
p a ra s ite  len g th  is n o t a  reliab le c rite rion  to  separa te  
L ernaeocera  species due  to its h igh dependence on  
h o s t  size. H ence the  necessity to  elim inate  size-effects 
f ro m  the  d a ta  m a trix  w ith o u t losing in fo rm atio n  on  
s h ap e .

S ize-co rrec tion  o f  m o rp h o m etr ic  m easurem ents 
h a s  been a  co n tro v ers ia l issue fo r m any  years. In  a 
se r ies  o f  p ap ers  A tchley , G ask ins & A nderson  
(1976), A tch ley  (1978) and  A tch ley  & A nderson  
(1978) w arn ed  a g a in st the  use o f  ra tio s  in m orp h o -
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m etric s tud ies. H u m p h rie s  et al. (1981) instead 
p roposed  the use o f  com plex  m u ltivaria te  ad ju st
m ents. B u rn ab y ’s m e th o d  as m odified by R o h lf & 
B ookstein  (1987), w hich  w as app lied  in the present 
s tudy , is p ro b a b ly  the  m o s t efficient w ay to  rem ove 
size-effects o f  d a ta  m atrices. Secondly, th ough  in 
m ost s tudies size is rem oved  from  the d a tase t, it also 
c o n ta in s  va luab le  in fo rm a tio n  (B ookstein , 1989). 
F a ilu re  to recognise  the  a llom etric  consequences 
in te rd ep en d en t w ith  size increase m ay  lead to 
u n w arran ted  tax o n  d is tin c tio n s  betw een organism s 
(G o u ld , 1966). In  the  p resen t study  allom etric  
g row th  m ay be responsib le  fo r shape  differences 
betw een g roups . H ow ever, it m ay be difficult to 
d isen tang le  the  effect o f  h o st species, a llom etric  
g row th  and  sites o f  a tta c h m e n t on  shape  ch arac te r
istics. T his m ay  on ly  be possible w hen a  series o f  
ind iv idual p a rasites  is co llected  from  one site o f  
a tta ch m e n t on  on e  h o s t species.

T here  is little  ove rlap  betw een L . lusci (L . m inuta) 
collected  from  d ifferen t h o st species (d ragonet, sand  
goby, bib): 91%  o f  th is species w as a llocated  to the 
co rrec t L . lusci so u rce  g ro u p  a fte r ad ju stm en t for 
size-effects w ith  B u rn ab y 's  m ethod . Besides size 
differences, o th e r  fa c to rs  also  c o n trib u te  to  this 
w ithin-species d iscr im in a tio n . F o r  exam ple, in the 
ex p lo ra to ry  analysis  o n  the  raw  d a ta  m atrix  there  is 
sep a ra tio n  betw een  the  “ sm aller”  L M P M , an d  the 
“ la rge r”  L L C L  an d  L L T L  a long  the first axis, w hich 
is dete rm ined  m ostly  by  to ta l parasite  length. T he 
length  o f  the p robosc is  an d  the length  o f  the neck 
m ay  be influenced by the  site o f  a tta ch m en t an d  by 
the  d istance to  the  n eares t su itab le  b lood  vessel. T he  
leng th  o f  the p ro b o sc is  is sm allest in L . branchialis 
an d  longest in L. lusci. W ith in  this la tte r g ro u p  it is 
s ignificantly  longer in su b g ro u p  L L T L K th a n  in 
su b g ro u p  L L T L h  • T h e  neck  o f  L L C L  is longer than  
in  all o th e r g roups . O n  th e  o th e r h an d , the  p o s te r io r 
tru n k s  m ay  be influenced by  spatial co nstra in ts, 
re su lting  in d is to rtio n s  o f  the  general shape. F o r  
exam ple, body  w id th  (w idth  o f  abdom en  an d  w idth 
o f  tru n k ) co n trib u te s  significantly  to  the  w ithin- 
species d iscr im in a tio n  o f  L . lusci (T able 3) and  
ap p ears  to be sign ifican tly  la rge r in L L T L  th an  in 
L L C L  (T ab le  2).

In  conclusion , the  d ifferent biological form s 
encoun tered  a re  sh ap ed  n o t only by the genetical 
differences betw een ind iv idua ls , b u t also by the  host 
species an d  the site  o f  a tta ch m en t. A ccord ing  to  the 
In te rn a tio n a l code o f  zoo log ical nom enclatu re  (1985) 
[A rt. 1(b)(5)] a  scientific nam e p roposed  expressly as 
the  nam e o f  a  “ v a rie ty ”  o r  “ fo rm ” a fte r 1960 has the 
infrasubspecific  ra n k  an d  is excluded from  zoological 
n om enclatu re . T h is  ru le  justifies d en o ta tio n  o f  th e  3 
form s o f  L . lusci as L . lusci f. lyra, L . lusci f. m inuta
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an d  L . lusci f. lusci. H en cefo rth  the  bio logical form s 
o f  L . lusci will be called as such.

M o re  objective m ethods, such  as enzym e e lec tro 
phoresis  m ay  have g rea te r p o te n tia l to d e te rm in e  the 
valid ity  o f  species w ith in  th is genus. T ira rd  (1991) 
fou n d  evidence for the  absence o f  gene flow betw een 
the 2 species. She fou n d  th a t  L . branchialis  is 
m o n o m o rp h  for the loci g lucose p h o sp h a te  isom erase  
(G P I) an d  m annose  p h o sp h a te  isom erase  (M P I), 
w hereas L. lusci is p o ly m o rp h  fo r these  loci. A bsence 
o f  gene flow m ay be an  a d e q u a te  c rite rio n  for 
defin ing  su b p o p u la tio n s  as d is tin c t species. A llozym e 
e lectrophoresis , w hen su p p o rted  by  m o rpho log ica l, 
life h isto ry  o r b iogeograph ical d a ta , m ay  p rov ide 
evidence fo r the existence o f  2 o r  m o re  species 
(G o a te r, 1990; R an n a la , 1990).
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The population dynamics of Lernaeocera lusci and 
L. branchialis on intermediate hosts

P. A. Van Damme & F. Ollevier
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ABSTRACT: The metapopulation dynamics of Lernaeocera lusci and L. branchialis on sole Solea 
solea and flounder Pleuronectes flesus were studied in the Dutch coastal area. Both fish species 
harboured large numbers of parasites w hen they arrived in the coastal area in the spring. Between  
April and June all parasites detached from the intermediate hosts and infected the definitive hosts 
(0+  whiting M erlangius m erlangus for L. branchialis, and possibly sand goby Pomatoschistus 
m inutus for L. lusci). Thereafter, flounder remained almost parasite-free until autumn. This suggests 
that L. branchialis has only 1 generation per year. H owever, soles were infested again with L. lusci 
(in June and July), which detached to infest 0 +  bib Trisopterus luscus, the typical definitive host for 
this parasite species. Thus, it appears that L. lusci has 2 generations per year. The flounder length 
and the infection intensity of L. branchialis were not correlated throughout the study period. 
Significant positive correlations were found betw een the sole length and infection intensity of 
L. lusci in late spring, but not in the summer or autumn. Throughout the year, both L. lusci and 
L. branchiahs were aggregated within their intermediate host populations (variance ï>8> abun
dance).

INTRODUCTION

The life cycles of both Lernaeocera branchialis and L. lusci comprise two nauplius 
stages, a free-living copepodite stage and four chalimus stages on the intermediate host. 
After mating, the adult female leaves the intermediate host and infects the definitive host, 
usually a gadoid. In the southern North Sea, the typical definitive host species are bib (for 
L. lusci) and whiting (for L. branchialis). The population dynamics of both parasites on 
their definitive host species were recently studied in the Dutch coastal area (Van Damme 
& Hamerlynck, 1992; Van Damme et al., 1996).

Whereas the post-metamorphosis fem ales of L. branchiahs and L. lusci have received  
particular attention from fish parasitologists because of their size, their prominent 
position in the gili chamber of their definitive hosts and their pathogenicity, there is no 
comprehensive information available on the population dynamics of the parasitic stages 
on the intermediate hosts. Shnn (1970) found that the intermediate host of L. lusci is the 
sole Solea solea. The intermediate host of L. branchialis in the southern North Sea is the 
flounder Pleuronectes flesus (Kabata, 1979). Some quantitative data were provided by 
Stekhoven (1936), Sproston & Hartley (1941), Kabata (1958), Slinn (1970), Van den Broek 
(1979) and Whitfield et al. (1988). Anstensrud (1989, 1990a, 1990b, 1992) presented 
detailed accounts of the reproductive behaviour of L. branchiahs; however, a thorough 
investigation of all population processes has never been undertaken. This study presents
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