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In  a  previously published paper (B ir ó  an d  G a r á d i , 1974) th e  role o f 
ligulosis as a  basic effect essentially  influencing th e  grow th o f th is  species has 
been discussed. As well known th e  3 —5 sum m er-old bream  stock o f L ake 
B alaton  is strongly  invaded  by  Ligula plerocercoids (M o l n á r  e t ah , 1968; 
P é n z e s , 1968). The parasitic  effect m ay be determ ined directly  from  th e  grow th 
as i t  was earlier published for ru ff (Acerina cernua l . ) of L ake B alaton  ( P o n y i  
e t al., 1972). Since th e  effect of Ligula invasion on th e  grow th of bream  has 
no t been stud ied  in  details, therefore a  scalim etric s tu d y  o f invaded  specimens 
becam e necessary. The solution o f th is  problem  is still im p o rtan t th e  grow th 
o f bream  population of L ake B alaton  has been found to  be fast even in 
E uropean relation.

Material and methods

The m ateria l consisting of 100 Ligula-invaded  specimens belonging to  
age-groups 1-f- to  7 +  was sam pled from  bream s caught a t  th e  environs o f 
F onyód w ith  1000 m long nets in  Ju ly , 1974. Their s tan d a rd  length  an d  w eight 
were m easured, th en  10—20 scales were detached  from  th e  area above th e  
la té ra  line o f each fish. 4 —8 well developed w et scales were placed betw een 
slides, and  th e  year-ring distances and  th e  caudal rad ii of scales were m easured 
a t  a m agnification 30 tim es w ith  th e  use of a  profile projector. K now ing th e  
relationship between th e  average caudal radius an d  th e  s tan d ard  length, th e  
body dim ensions a tta in ed  during th e  previous years were back-calculated 
a f te r  F r a s e r  (1916). The length-w eight relationship was determ ined by 
H u x l e y  (1924) (viz. L a g l e r , 1956). The grow th in  s tan d ard  length  o f Ligula- 
invaded  bream s was described by  th e  m ethods o f W a l f o r d  (1946) an d  B e r - 
t a l a n f f y  (1938; 1957). The findings were com pared to  th e  d a ta  on th e  grow th 
of 145 bream s o f 2 +  to  7-j- age collected a t  th e  environs o f F onyód in  1972 
(B iró  and  G a r á d i , 1974).

Results

A ge-distribution of fish in th e  sam ples was as follows: four specim ens 
belonged to  age-group 1 +  , 30 were 2-f-, 36 were 3 J-, 14 were 4-f-, 10 were 5J-, 
four bream s were 6 +  an d  tw o were 7-)-. The length-w eight relationship  calcu-
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la ted  for Ligula-invaded  bream s could be represen ted  by  a  parabola f itte d  in  
lower position as com pared to  th a t  of non-invaded ones (F ig. 1). I t  m eans 
th a t  a  sm aller specific w eight belongs to  th e  same s tan d a rd  length, or th e  
re la tive w eight deficiency arising in  consequence o f th e  parasitism  is p a rtly  
replaced by th e  biomass o f Ligula plerocercoids in  th e  abdom inal cavity . The 
effect of parasitism  on th e  length-w eight relationship can be estim ated  from  th e  
value o f its  coefficient which proved to  be 2.7469.

A bout 50 per cent o f th e  exam ined scales of Ligula-invaded  bream s were 
found to  be deform ed an d  dam aged. T he form ation o f annuli on th e  p roportion
ally  developed scales differs in  m any respects from  th a t  on th e  sound fish 
scales. The annuli were generally confused depending on th e  ex ten t of Ligula- 
invasion even on seemingly undeform ed scales. I t  is especially valid  during the  
firs t th ree  years o f th e ir developm ent. The regression betw een th e  caudal radii 
o f scales and  th e  s tan d ard  lengths was calculated from  significantly  sca tte red  
means. The s tra ig h t line cuts 1.2 cm from  th e  abscissa (F ig. 2). Average 
caudal radii o f scales from  age-group 1-f- to  7-f- were: 2.0, 2.63, 3.5, 4.26, 
4.74, 5.16, 6.33 mm, respectively.

l o g  L
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F ig . 1. L eng th -w eigh t re la tio n sh ip  o f  b ream s in fec ted  w ith  p lerocerco ids o f L igu la  
in testina lis  (The d o tte d  line concerns th e  sound  specim ens).
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E stim ating  the  yearly  increm ents in  length  w ith  use o f s tan d ard  lengths 
back-calculated, the  grow th of specimens invaded  by  Ligula seems to  be slower 
th a n  th a t  of th e  sound ones. A stepped  increase in  stan d ard  length bo th  in 
m easured an d  back-calculated values could be observed (F igs 3—4). In

F ig . 2. L in ea r regression expressing  th e  re la tio n sh ip  betw een  th e  to ta l  cauda l rad ii of 
scales (R) an d  th e  s ta n d a rd  len g th s  (L) o f  th e  in v ad ed  bream s

F ig. 3. T he m easu red  averages a s  w ell as th e  m in im u m  a n d  m ax im u m  values o f  s ta n d a rd  
len g th s  in  L igu la -infected b ream s (the  d o tte d  line show s th e  averages fo r sound  ind iv iduals)
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age-groups 1 +  to  6 +  th e  deviations from  th e  m ean values were significant, up  
to  ± 6 —8 cm.

Average s tan d a rd  lengths o f age-groups 1 ±  to  6 +  back-calculated  from  
th e  scales, were as follows: 7.7, 12.1, 16.3, 19,8, 25.0 and  26.8 cm. A nalysing 
th e  grow th by  year-class s treng ths th e  grow th in age-groups 1 ±  to  5 +  seems 
to  be re la tively  linear, an d  con tra ry  to  th is  i t  is stepwise in  age-groups 6 ±  
to  7 +  ( Fig. 5). Because of sm all num ber o f la tte r  ones th e ir grow th deviating 
from  th e  younger age-groups could n o t be analysed properly.

F rom  th e  m arked  figures i t  is clear, however, th a t  there  is a  d ifferent 
grow th ra te  in  age-groups 1 +  to  4 +  an d  5 +  to  7 ± ,  which reflects th e  h inder
ing effect o f ligulosis on th e  grow th th a t  m ainly succeeds during th e  firs t five 
years o f th e ir life. Since Ligula hard ly  dam ages older fish, therefore i t  cannot 
have peculiar effect on th e ir grow th. W ith  use of s tan d a rd  length  back 
calculated  from  th e  scales a  grow th line was constructed  b y  W a l fo r d ’s 
(1946) transform ation , and  th e  m axim um  possible size (Loo) was estim ated. 
I t  was 51.58 cm ( Fig. 6). The param eters necessary to  B e r t a l a n f f y ’s model 
were also determ ined (K  =  0.1077, t 0 =  —0.4076), an d  using them , th e  ex
ponen tial curve o f grow th in  s tan d ard  length  was draw n (Fig. 7). F rom  th e  
param eters ob ta ined  and  from  th e  slope of th e  curve i t  can be established th a t  
th e  grow th ra te  of Ligula-invaded bream s rem ains below those o f sound fish 
previously observed a t  different areas o f L ake B alaton.

D iscu ssion

B ream  has th e  g reatest population in  L ake B alaton, an d  th e  fisherm en 
catch  900—1100 tonnes of them  every  year (B ir ó  and  E l e k , 1970). Because 
o f a  dense population  its  ecological role (niche) is especially im p o rtan t from 
th e  po in t o f energy tu rnover of th e  lake. S trong infection of bream s — as the  
second in term ediate  host — w ith  Ligula plerocercoids in L ake B alaton  is well 
know n (Molnár  e t ah , 1968; P é n z e s , 1968). In  H ungary  a significant Ligula 
infection occurs in  n a tu ra l w aters, lakes, and  closed arm s of th e  rivers, where 
th e  ligulosis decim ates th e  population  of bream  (Abramis brama L.), roach 
(Rutilus rutilus L.) and  bleak (Alburnus alburnus L.) every  year. In  the  fish 
ponds significant ligulosis ra re ly  occurs (K oczy lo w sk i an d  M ia c z y n sk i, 
1963; M o ln á r  and  Szakolczai, 1973). The second in term ediate  host o f Ligula 
emerges from  the  Cyprinids. In  the  case of a  strong invasion, th e  w eight of 
Ligula plerocercoids m ay reach  th e  one-th ird  o f th e  w eight of fish. Conse
quently , th e  physiological condition, feeding and  grow th of th e  host changes. 
T heir ex ternal features m ay be established from  th e  annuli form ed on th e  scales, 
or from  several deform ations and  irregular developm ent of them . D uring the  
studies i t  becam e obvious th a t  th e  annuli exhib it a  com pact stock depending 
on th e  in ten sity  o f th e  Ligula invasion. T heir distances have decreased signif
ican tly  which unanim ously showed th a t  th e  grow th ra te  becam e slower in 
re la tion  to  th e  sound fish.

S tudying th e  grow th an d  m o rta lity  ra te  of bream s invaded  by  Ligula 
in  th e  W d zydze  lake-com plex (Poland), B r y l in s k i (1969, 1970) found th a t  
th e  annuli developed on th e  scales o f b ream  one-two years before th ey  have 
been caught are extrem ely  close to  each other. T heir distances have been 
g reatly  varied  re la ted  to  th e  num ber of parasitic  Ligula plerocercoids being
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F ig . 4. A verage, m in im um  a n d  m ax im um  s ta n d a rd  len g th s  b ack -ca lcu la ted  from  th e  
scales in  d iffe ren t age-groups o f  th e  in fec ted  b ream s. D a ta  on th e  age-groups 4 +  to  64- 

a re  rep resen ted  b y  th e  d o tte d  line because o f  th e i r  sm all in d iv id u a l n u m b er.

F ig . 5. T he g row th  in  le n g th  b y  year-c lass s tre n g th s

present in  th e  abdom inal cav ity  o f th e  fish. T heir to ta l am ount has reached 
15—26 per cent of th e  body w eight o f th e  fish. F rom  th e  sm all distances o f 
annuli th e  parasitic  effect clearly follows an d  m anifests itse lf in  th e  length- 
w eight relationship, too. The grow th in  length  o f bream s in  th e  age-groups 
1 +  to  7 +  stud ied  by  him  was slower by  1 .5—40.5 p er cent as com pared to  th e  
hea lthy  individuals. The sam e in  w eight varied  betw een 2 0 —52 per cent.

The parasitic  effect on th e  grow th in  length  and  w eight of bream s in 
L ake B alaton  m ay be obviously followed from  th e  length-w eight re la tionsh ip  
(Fig. 1). A t 30 cm s tan d ard  length  th e  difference in  body weights o f sound
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and  invaded  fish has reached 10 gram s i.e. 17 per cent. F rom  th is size th e  differ
ence in  w eight rap id ly  increases.

B r y l in s k i (1969) dem onstrated  th a t  parallel w ith  the  increase of in 
vasion in  d ifferent age-groups th e  grow th ra te  decreases annually  to  such an 
ex ten t th a t  th e  grow th in  length stops between 36—38 cm. In  th e  sam e tim e 
there  is a  significant loss in  weight.

The linear regression curve expressing th e  relationship  betw een th e  caudal 
rad ii of scales and  th e  s tan d a rd  lengths o f Ligula invaded  bream s in  Lake 
B alaton  cuts 1.2 cm from  th e  abscissa ( Fig. 2). The sam e value for th e  sound 
fish proved  to  be 0.8 cm (Biró and  Garádi, 1974). The m easured s tan d ard  
lengths of bream s invaded  w ith  Ligula were sm aller th a n  those of non-invaded 
ones (Fig. 3), and  th e  deviations from  th e  m ean were 6 — 8 cm in  d ifferent 
age-groups. B ased on th e  back-calculated  s tan d ard  lengths (F ig . 4) th e  fact 
o f slow grow th is ev ident from  th e  sm all differences in  m ean sizes o f th e  age- 
groups, an d  from  th e  slope of th e  grow th curve. A nalysing th e  length  increase 
according to  year-class strengths, th e  re la tively  slow grow th is m ore strik ing 
(F ig. 5). Consequently, th e  grow th in  length  of b ream  in  L ake B alaton  
is differently  influenced by  th e  invasion of Ligula plerocercoids in  th e  f irs t 
five years (age-groups 1-)- to  4-)-), an d  fu rth e r on (age-groups 5-)- to  7 +  ). 
In  older individuals, although th e ir sm all num ber is forewarning, nevertheless 
i t  can be seen th a t  th e  ex ten t of Ligula invasion is sm aller, or th e  bream s are 
less sensible th an  during the  f irs t five years of th e ir life. Concerning th e  devel
opm ent cycle of Ligula, K oczy lo w sk i and  M ia c zy n sk i (1963) have described 
th a t  th e  life of m ature Ligula lasts for 2 — 3 weeks, b u t its  plerocercoid can 
s tay  even for th ree  years in  th e  abdom inal cav ity  of th e  fish. According to  our 
observations th e  infection becomes general in th e  age-group 1 +  . I t  is highly 
probable, however, th a t  th e  bream s become infected only in th e ir th ird  or 
fo u rth  years. This phenom enon can give explanation  on th e  differences in 
grow th of bream s during th e  f irs t five years of th e ir life.

T he ligulosis becomes general chiefly in undernourished fish having dense 
popu lation  (K o czy lo w sk i and  M ia c z y n sk i, 1963). In  a previous paper (B ir ó  
an d  G a r á d i, 1974) a more rap id  ra te  of grow th was repo rted  as com pared to  
o th er d a ta  published earlier on th e  bream  wide-spread in  L ake B alaton  (W u n 
d e r , 1930; W o y n á r o v ic h , 1958; R ib iá n sz k y  an d  W o y n á r o v ic h , 1962; 
P é n z e s , 1966; 1968). This observation especially refers to  th e  SW -ern p a r t  
of L ake B alaton  and  prim arily  to  th e  B ay  o f K eszthely  an d  w aters in its  
surroundings. This m ay have connection w ith  th e  increased eu troph ication  of 
different areas of th e  lake where the  food-reserve o f th e  m ud has increased. 
T he intensive fishing also contribu tes to  th e  changes o f th e  population  dynam ics 
of the  fish. The average m o rta lity  of age-groups 3-f- to  7-)- o f b ream  stock in 
L ake B alaton  has been previously observed as 62 per cent. The estim ation  of 
influencing effect of ligulosis on th e  m o rta lity  of b ream  a t d ifferent areas o f 
L ake B alaton  bo th  from  theoretical an d  practical po in ts of view is w anted.

Summ ary

On th e  basis of th e ir scales, th e  grow th of 100 tw o-to  eight-sum m er-old 
bream s has been studied. This specimens invaded w ith  Ligula plerocercoids 
have been caught by  fisherm en a t  the environs of F onyód in Ju ly  1974. I t  was 
concluded th a t
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F ig . 6. F o r d - W a l f o r d ’s p lo t in  Ligula-in v ad ed  b ream s. L t =  s ta n d a rd  len g th  (cm) in  
ev e ry  i-period o f  tim e  i f  t — 1 yea r, L t+1 =  th e  sam e one y e a r  la te r , L„  =  m ax im u m

s ta n d a rd  len g th  in  cm

F ig . 7. E x p o n en tia l g ro w th  in  s ta n d a rd  le n g th  o f  L igu la -invuded  b ream s in  L ake B a la to n  
rep resen ted  b y  B e r t a l a u f f y ’s m odel. L t =  s ta n d a rd  len g th  in  ev e ry  i-period  o f  tim e

w here t  =  1 y e a r

1. The relationship betw een th e  to ta l caudal rad ii of scales an d  th e  
s tan d ard  lengths m ay be described by  a  linear regression. I t  cuts 1.2 cm from  
th e  abscissa. The annuli on th e  scales developed irregularly  in  connection 
w ith  the  ex ten t of Ligula invasion. A bout a  h a lf o f  th e  scales s tud ied  were 
deform ed an d  regenerated.
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2. B ased on th e  s tan d ard  lengths back-calcu lated  from  th e  annuli of 
th e  scales i t  could be established th a t  bream s invaded  w ith  plerocercoids of 
Ligula intestinalis s tu n t in grow th as com pared to  th e  sound specimens. Their 
d ifferen t p a tte rn  of grow th in  w eight has evenly been observed from  the  
length-w eight relationship. D uring th e  f irs t five years o f th e ir developm ent the  
grow th of bream  in L ake B alaton  has been significantly  h indered by  ligulosis.
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L I G U L Ó Z I S  H A T Á S A
A  B A L A T O N T  D É V E r K E S Z E G  ( A B R A M I S  B R A M A  L . )  N Ö V E K E D É S É R E

Ö sszefog lalás

1 9 7 4  j ú l i u s á b a n  F o n y ó d  k ö r n y é k é n  a  h a l á s z o k  á l t a l  f o g o t t  d é v é r k e s z e g e k  k ö z ü l  
1 0 0  d b ,  L i g u l a  i n t e s t in a l i s  p l e r o c e r k o i d o k k a l  f e r t ő z ö t t  m á s o d - n y o l c a d n y a r a s  p é l d á n y t  
v á l a s z t o t t u n k  k i  é s  v i z s g á l t u k  p i k k e l y e i k  a l a p j á n  n ö v e k e d é s ü k e t .
M e g á l l a p í t o t t u k ,  h o g y :
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1. A  p ik ke lyek  te lje s  kau d á lis  rád iu sza  és a  tö rzshossz összefüggése lineáris  reg 
resszióval le írh a tó , a  te s t  p ik k e lyze tének  k ia lak u lása  1,2 cm -es tö rzshosszra  teh e tő . 
A  L igu la -invázió  m érték é tő l függően, a  p ikke lyeken  a  té li év gyű rűk  z a v a rta n  s egym ásba 
o lvadóan  képződ tek . A  ta n u lm á n y o z o tt p ik k e ly ek n ek  k b . fele defo rm áló d o tt, v ag y  
regen erá ló d o tt vo lt.

2. A z év gyű rűkbő l v isszaszám íto tt tö rzshosszak  a la p já n  n y ilvánva ló , ho g y  a  
L igu la  in testina lis  p lerocerko idokkal fe r tő z ö tt dévérkeszegek év en k én ti növekedése e l
m a rad  az egészséges p é ldányoké tó l. A  te s th o ssz -te s tsú ly  v iszonyából a  sú lynövekedés e l
té rő  v o lta  a  fe rtőzésm en tes példányokhoz  k ép est sz in tén  m eg á llap íth a tó  v o lt. A  ligulózis 
a  dévérkeszeg növekedését az  első ö t é le tév ig  je len tő sen  g á to lja , m a jd  e ttő l  kezdve a  
h a tá s  kevésbé érződik .
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