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A B S T R A C T

T riploid  hybrids o f  fem ale grass carp ( Ctenopharyngodon idella  V a U  and m ale big- 
head ( A ristich thys nobilis R ich.) were produced, using artificial propagation. The 
triploid character w as proved by karyological analyses. M orphological analysis was 
carried ou t o n  second sum m er hybrids. T he scale form , the number o f  vertebrae and 
pharyngeal teeth can be used for distinguishing the  hybrid from  the parental species. 
T h e sterility o f  the hybrid was exam ined, and the results o f  the h istological analyses o f  
gon ad s a s  well a s the results o f  sex horm one analyses are presented. T he hybrid can  be 
used for the control o f  the aquatic vegetation  w ithout th e  risk o f  overpopulation.

PE 3IO M E

A btopm  nonyHHjiH TpHnJiOfUiHbif! r« 6 p n a  co  CKpemitBattHeM ax typa <Ctenopharyngo­
don idella  V al.) n  n e e rp o ro  TOJicronofiHKa (  Aristichthys nobilis R ich .) TpwiaoujHbiti 
xapaK iep  rn 6 p n jta  aoKarajiH KapnononiiecKHMJi aiia.'iii i a M H .  Mop4>oJiornMecKne 
iiaóm oaeH H a npoB cau Ha puG ax /m yxaeTHcro B o sp acra . 1 n ó p n  jb i  crnimaiOTCJi o t  

poflHTenefi n o  (jiopMvjre le in y n , ( J w p M y n e  rn o T o im .ix  3y6oB n  K o a w i e c r n e  h o 3 b o h k o b  

h  J i y i e ß  rp y aH o ro  iuiaBHHKU. HccaeflOBaaH h  CTepn,‘ibHOCTb rn ö p iin a . C ooöutatoT  
o  i  ncroJio i H 4 e c K H X  H c c a e a o B a i n i ü  ro u a a o ii ii o  pe3yjibTarax auaaM ia non o B o ro  ro p - 
M O H a. rHÖpmt nnOflOTBOpHO M 05KHO H C n 0 J Ib 3 0 B a T b  KaK Ö H O JIO rH ieC K O e HCTpeÖH- 
Teabiioe cpeacTBO 6e3 pnctca iiepcHaccJieHHS.

K IV O N A T

A  szerzök trip loid  hibridet állitottak e lö  am urf Ctenopharyngodon idella  Val.) és pety- 
tyes busa ( A ristich thys nobilis R ich.) keresztezésével. A  hibrid triploid  jellegét karioló- 
giai vizsgálatokkal b izonyitották. A  m orfológiai m egfigyeléseket m ásodnyaras egye- 
deken végezték. A  hibrideket a  szülöktöl a  pikkelyképlet, a  m ellúszók  sugarainak é s  a 
csigolyák  szám a. valam int a  garatfogak képlete szerint lehet m egkülönböztetni. Vizs- 
gálták a  hibrid sterilitását is. K özlik  a  gonádok szövettan i vizsgálatának, valam int a 
szex-horm onok analizisének eredm ényeit.

A  hibrid jó l használható biológiai novényirtásra a  túlnépesedés kockázata nélkül.
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IN T R O D U C T IO N

T h e  d e v e lo p m e n t o f  a g r icu ltu r e  req u ires the  u se  o f  m o r e  a n d  m o re  fer tilizer , s o m e  o f  w h ic h  
is  w a sh e d  in to  n a tu ra l w a te r s  a n d  irr ig a tio n  c a n a ls . A c c u m u la tio n  o f  th e se  n u tr ie n ts  ca n  
c a u se  e x c e ss iv e  w e e d  g r o w th . A t  p resen t c h e m ic a l a n d  m e c h a n ic a l m e th o d s  a r e  b e in g  a p p lied  
fo r  c o n tr o llin g  a q u a tic  v e g e ta t io n . T h e se  te c h n iq u e s , h o w ev er , are  la b o u r  a n d  c o s t  c o n s u ­
m in g , d o  n o t  c o m p le te ly  so lv e  th e  p r o b le m , a n d  they  ca n  p o llu te  th e  e n v ir o n m e n t. F o r  th e  
b io lo g ic a l c o n tr o l o f  a q u a tic  p la n ts  g ra ss carp  ( C ten o p h a ryn g o d o n  id e lla  V a l.)  h a s  b een  
in crea sin g ly  u sed  in  E a st G e r m a n y  (Jan ich en  1 9 7 3 ) ,  th e  S o v ie t  U n io n  ( A lie v  1 9 7 6 ) ,  a n d  th e  
N e th e r la n d s  ('van  Z o n  19 7 7 ) .  In  m a n y  c o u n tr ie s  th is  m e th o d  is  n o t a llo w e d  b e c a u se  o f  th e  
d a n g er  o f  p o s s ib le  rep ro d u ctio n  a n d  n a tu r a liz a t io n  o f  th e  sp ec ie s , fo llo w in g  th e  in tro d u c­
tio n .

In  1 9 7 5  a  n ew  tr ip lo id  ster ile  h y b r id  o f  grass ca rp  a n d  b ig h ea d  ( A r is tic h th y s  n o b ilis  R ic h .)  
w a s d e v e lo p e d  in H u n g a ry  ( M a r ia n  a n d  K ra szn a i 1 9 7 8 )  w h ic h  c a n  b e  u sed  fo r  th e  c o n tro l  
o f  a q u a tic  v eg e ta tio n  w ith o u t  the  r isk  o f  u n w a n ted  o v e r p o p u la tio n . It is  ch ea p er , m o r e  e f ­
fe c t iv e  an d  m o re  a ccep ta b le  in  v iew p o in t o f  en v iro n m en ta l p ro tec tio n .

T h e  o b je c t o f  th is  p a p e r  is  t o  d esc r ib e  the  m o r p h o lo g y  a n d  k a ry o lo g y  o f  th e  h y b rid  a n d  the  
resu lts o f  its se x  h o r m o n e  a n d  g o n a d  h is to lo g ic a l a n a ly ses .

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

T h e  first cro ssb ree d in g  o f  g ra ss carp  a n d  b ig h e a d  carp  w a s  carried  o u t in  1 9 7 5  (M a r ia n  
a n d  K ra szn a i 197 8 ) .  In d u ced  b reed in g  w a s u sed  w ith  th e  w e ll k n o w n  tech n iq u es  d escr ib ed  
b y  severa l a u th o rs  ( A lie v  1 9 6 r,  V in ogradov 1 9 6 7 )  a n d  d e v e lo p e d  fu r th er  b y  o u r  o w n  research  
tea m . T h irty -e ig h t p ercen t o f  th e  fer tilized  e g g s  d e v e lo p e d  to  n o rm a l sw im -u p  fr y  su ita b le  
fo r  s to c k in g , an d  th e y  w ere  s to c k e d  in  sp e c ia lly  p rep a red  n u rsery  p o n d s  (5 0 0  m 2), five d a y s  
after  h a tc h in g , fo r  a  3 0 -d a y  n u rsin g  p er io d . L ater  o n , th e y  w e r e  ra ised  in  p o ly c u ltu r e  in  
so m ew h a t b ig g er  ex p e r im e n ta l p o n d s.

M o r p h o lo g ic a l in v estig a tio n s  h a v e  b een  carried  o u t b y  u s in g  tw o -su m m e r  o ld  h y b rid s  
w ith  b o d y w e ig h t  o f  2 5 0  to  3 0 0  g.

F ish  o f  2 0 - 8 0  g  w e ig h t , p ro p a g a ted  an d  reared  at o u r  In s titu te  w ere  u se d  fo r  k a r y o lo g ic a l  
resea rch , u sin g  the  te c h n iq u e  d esc r ib ed  in  o u r  p rev io u s p a p e r  (M a r ia n  a n d  K ra szn a i 197 8 ) .  
In th e  c o u r se  o f  the  m ic r o sc o p ic  e x a m in a tio n  o f  th e  c h r o m o so m e  se ts , 5 0  c e lls  w e r e  c o u n te d  
fo r  ea ch  sp ec ie s . T h e  d ip lo id  c h r o m o so m e  n u m b ers  w ere  d eterm in ed  o n  the  b a sis  o f  the  m e a n  
v a lu e .

S ex  h o r m o n e  in v e stig a tio n  w a s  carried  o u t  o n  f ive-year -o ld  fish . T h e  o estr io l (p g /m l)  an d  
th e  te sto stero n e  h o r m o n e  lev e l (p g /m l)  w e r e  d eterm in ed  b y  u sin g  the  stan d a rd  h u m a n  R IA  
k it  a n d  p ro ced u re  o f  the  R a d io c h e m ic a l C en ter , E n g la n d . F iv e -y e a r -o ld  h yb rid s, g ra ss c a r p s  
an d  b ig h ea d  w e r e  u sed  fo r  h is to lo g ic a l a n a ly ses . F ish  w e r e  d eca p ita ted  an d  th e ir  g o n a d s  p la­
ced  in to  n eu tra l fo rm a lin . P araffin  se c tio n s  w e r e  c u t 7  p m  a n d  sta in ed  w ith  h a e m a to x y lin  
an d  c o s in  ( G u rr ¡9 6 2 ) .

R E S U L T S

K a ry o lo g ic a l p a tte rn s .  T h e  m o st  im p o r ta n t k a ry o lo g ica l d a ta , ch aracteristic  fo r  g ra ss carp , 
b ig h ea d  a n d  the ir  h y b r id s  a r e  su m m a rized  in  T a b le  I .  T h e  d ip lo id  c h r o m o so m e  n u m b er  o f  
b o th  p aren ta l sp e c ie s  is  4 8 ,  a n d  th e  c h r o m o so m e s  fo rm  h o m o g o lo u s  p a irs. T h e  m o r p h o lo g i­
c a l d istr ib u tio n  o f  th e  k a ry o ty p e s  o f  th e  sp ec ie s  is  id en tica l, a n d  th e  n u m b er  o f  c h r o m o so m e  
a rm s ( N F  v a lu e) is  a lso  eq u a l. C o m p a r in g  the  c h r o m o so m e  n u m b er  o f  th e  h yb rid  ( 2 n = 7 2 )  
w ith  th e  d ip lo id  n u m b ers  o f  th e  p aren ta l lin e s , th e  h yb rid  is  tr ip lo id . T h e  tr ip lo id  n a tu r e  o f  
th e  F i  h y b rid  is a lso  sh o w n  b y  th e  m o r p h o lo g ic a l d istr ib u tio n  o f  th e  k aryotyp e .

K aryological C hara

Species 2n

Grass carp 48 
Bighead 48  
F 2 hybrid 72

M o rp h o lo g ic a l  /  
the  b ack  i s  darker

T h e  s c a le  form

T h e n u m b er  o f  rot 
c ie s  fr o m  th e F i  h;

T h e b o d y  o f  th e  F i  
b u t the  gen era l imj 
an d  th e re  is  n o  keel 
b u t a  vertica l l in e  ( 

T h e  fin fo rm  o f  the

T h e  n u m b e r  o f  r; 
p aren ta l sp ec ie s  (G  
T h e m o st co m m o n

B ut th e  fo llo w in g  a

T h e  p a tte r n  o f  th e

T h e  n u m b er  o f  vertí 
carp . V a r io u s  indict 
b o d y , th e se  a r e  shot

S e x  h orm on e p a th  
are su m m a rized  in  2 
h igh er th a n  that o f  1 
In  5  c a se s  fro m  the  
the  sa m e , w h ilst in  3



T a b le  I.

Karyological Characteristics o f  Grass Carp, Bighead and F , Hybrid

Species 2n M eta-
centric

Subm eta-
centric

Subtelo-
centric

A cro­
centric

N F

Grass carp 48 10 8 — 6 84
Bighead 48 10 8 — 6 84
y -  hybrid 72 15 12 — 9 126

M o rp h o lo g ic a l p a t te r n  o f  th e  F i h y b r id . T h e  d o m in a n t c o lo u r  o f  the  F i  h yb rid  is g reen , 
the b ack  is darker, the  s id es  are  l ig h te r  a n d  th e  a b d o m e n  is y e llo w ish -g r e e n  o r  g o ld e n .

T h e sc a le  fo rm  is :  la tera l l in e  5 2 ------------ 54
9

T h e n u m b er  o f  r o w s  o f  sc a le s  is  a n  im p o r ta n t fea tu re  in  d ist in g u ish in g  th e  p aren ta l sp e ­
c ie s  fr o m  th e  F i h yb rid .

G ra ss carp  B ig h ea d

6 - 7  2 8 - 3 2
4 2 ------- 4 5  1 1 4 --------------120

5 2 3

T h e  b o d y  o f  th e  F i  h y b rid  is so m e w h a t f la tten ed , th e  b a ck  is  a s  b r o a d  as th a t o f  th e  b igh ead ,
but th e  gen era l im p r ess io n  is v ery  sim ila r  to  that o f  the  grass carp . I ts  a b d o m e n  is rou n d ed
and there  is  n o  k ee l to  it. T h e  fo rm  o f  th e  F i h y b rid  m o u th  is s im ila r  to  tha t o f  th e  grass carp ,
but a  vertica l lin e  d r a w n  fro m  th e  fr o n t  o f  th e  e y e  d o e s  n o t  r e a c h  th e  co rn er  o f  th e  m o u th .

T h e fin fo rm  o f  th e  F i  h y b rid  is: d o rsa l fin : iii 6 - 7
ca u d a l fin : 2 4  (2 5 )
a n a l fin : iii 8 - 1 0
a b d o m in a l fin : i — 8
p ecto ra l fin : i — 1 5 - 1 7

T h e  n u m b er  o f  ra y s  o f  th e  p e c to r a l f in  ca n  a lso  b e  u se d  t o  d ist in g u ish  th e  h y b rid  fro m  thc  
parental sp ec ies (G ra ss ca rp : i — 1 8 : B ig h ea d : i — 18 ).
T h e m o st  c o m m o n  fo r m u la e  o f  p h a ry n g ea l te e th  o f  the  h y b rid  are: 4 .1- 1.4

5 -1 -1 .3
But thc  fo llo w in g  are  a lso  fo u n d : 5 . 1- 0 . 4  5 . 1- 2 .5

5 . 1 - I . 5  4 . I - 2 . 5

4 . 1 - I . 4  3 . I - 1 -4
The p a tte r n  o f  th e  p h a ry n g ea l teeth  o f  thc  grass carp  is: 2 .5 - 4 .2

2 *4 —4-2
2 .4 - 5 -2 
I - 4 - 5-2

T h e n u m b er  o f  verteb rae in  th e  h yb rid  is 3 8 - 3 9  c o m p a red  w ith  4 2 - 4 3  verteb ra e  in  th e  grass  
carp. V a r io u s in d ices w ere  u sed  to  d esc r ib e  th e  ch a ra cter istic  r a t io s  o f  d ifferen t p a rts o f  th e  
b o d y , th e se  arc  sh o w n  in  T a b le  II .

S e x  h orm on e p a tte r n .  T h c  resu lts  o f  h o r m o n e  lev e l d e te r m in a tio n s  fro m  the b lo o d  seru m  
are su m m a rized  in T a b le  II I .  In  fe m a le  g ra ss carp  o r  b ig h c a d s  th e  le v e l o f  o e s tr io l w a s  m uch  
h igher than  that o f  te s to ste r o n e , w h ilst in  m a le  g ra ss ca rp  o r  b ig h e a d s  the  reverse  w a s true. 
In  5  c a se s  fr o m  th e  ex a m in e d  9  h yb rid s th e  le v e ls  o f  o es tr io l a n d  te sto stero n e  w ere  n early  
the sa m e , w h ils t  in  3  ca ses h ig h  te sto stero n e  a n d  lo w  o estr io l le v e ls  w e r e  o b ta in e d .
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T a b le  II

C h arac te ris tic  Body Indices o f  G rass C a rp , B ighead and G rass C a rp  x  B ighead F ,  H ybrids

Grass carp 
index %

Bighead
index %

F , hybrid 
idex %

Profile index T L /H B 4.714 21.21 4.224 23.67 4.884 20.48
Caudal index T L /L T 5.419 18.45 4.486 22.29 4.605 21.17
H ead index TL /LH 4.935 20.26 3.697 27.04 4.277 23.38
W idth index T L /W B 6.761 14.78 8.394 11.91 8.024 12.46
Height index H B/W B 1.434 69.72 1.987 50.32 1.643 60.84

T L :  to ta l  len g th ; H B :  h e ig h t  o f  b o d y ;  W B : w id th  o f  b o d y ;  L T : len g th  o f  t a i l ;  L H :  le n g th  o f  h ead .

T a b le  III .

T he E  (O estrio l) and  T estos te rone  H orm one Levels (pg/m l) in thc  B lood o f  G rass  ca rp , Bighead 
and the  F , H ybrid

N o . o f  N am e o f  E  (oestriol) T estosterone Presum able
sam ple fish horm one, pg/m l horm one, pg/m l sex

1 G C x B H 111 .0 178.0 U
2 G C x B H 68.7 90.0 V
3 G C x B H 126.4 157.3 u
4 G C x B H 140.2 107.0 u
5 G C x B H 123.2 202.5 u
6 G C x B H 110.8 296.3 0
7 G C x B H 92.3 352.2 d
8 G C x B H 76.5 312.8 6
9 G C x B H 70.3 304.0 d

10 G C 845.3 242.0 ?
11 BH 672.1 291.3 Î

12 GC 125.8 813,0 d
13 G C 266.4 867.7 6
14 G C 244.2 504.0 d
I 5 G C 8 8 .0 325.5 d

16 BH 85.8 294.0 d
17 BH 56.2 252.0 d
18 BH 56.2 630.0 d

U C  «  g rass  c a rp
B H  — b ig h ead
G C  x  B H  =  F t  h y b r id

H is to lo g ic a l  p a t te r n  o f  g o n a d s . T h e  g o n a d s  o f  th e  ex a m in ed  fiv e-y ea r  o ld  g ra ss carp  an d  
b ig h ea d  fem a les  a n d  m a le s  w ere  n o r m a lly  d ev e lo p ed , in  the  c a se  o f  thc  h y b r id  o n ly  a b n o rm a l 
or le ss  d ev e lo p ed  g o n a d s  w ere  fo u n d . O o cy tes  fr o m  th c  tr ip lo id  h yb rid  o v a r ie s  w ere  a b n o r ­
m a l, co m p a red  w ith  th e  o v a r ie s  o f  th e  d ip lo id  p aren ts. In  the  o v a r ie s  o f  so m e  h y b r id s  in su la r  
testicu la r  t issu e  w a s  fo u n d  in  a  m a ss o f  in d ifferen tia tcd  ce lls .

D IS C U S S I O N

B y  cro ss in g  th e  grass ca rp  a n d  b ig h ea d  v ia b le  tr ip lo id  h y b rid s w ere  p r o d u c e d  w h ic h  h a v e  
so m e  a d v a n ta g e o u s  ch a ra cter istics . T h e  tr ip lo id  ch a ra c ter  o f  th c  h yb rid  w a s p ro v en  b y  k a r y o l­

o g ica l a n a ly ses . M e  
U S A  a n d  confirm ed  
tebratcs, e sp e c ia lly  
U yen o 1 9 7 2 , A llen  c 
p rod u ced  b y  interspi 
T rip lo id y  h a s  been  
L incoln  e t  a l .  1 9 7 4 . ( 
o f  thc  re te n t io n  o f  1 
ster ile  b eca u se  they  

In d u ced  p o ly p lo ic  
S ta n ley  1 9 7 8 ) .  In trip 
(P la tic h th y s  f ic u s )  ; 
h yb rid s o f  ( P oecilia  
1968 ) .

B a k o s e t  a l .  (  1 9 7 b 
b a ck -c ro sses  o f th e s i  

m o litr ix  V a l.)  y ie ld «  
d ev e lo p m en t w o u ld  
S u zu k i (  1 9 6 3 )  repori 
betw een  P seudogobio  

T h e  g o n a d s  o f  the  
n a d s o f  th e  h y b rid s ' 
sa m e  a g e , a n d  defoi 
h yb rid s. T h e  h isto lo g  
o f  tr ip lo id  fish  w ere  
so m e  h y b rid s “ island  
L in co ln  (  198 1 )  a lso  
ta in ed  in thc  oestr io l 
h yb rid s w a s le ss  thar 
te sto stero n e  w ere  obi 

In thc  U S A  hybrid  
s ib le  ro le  in  w eed  cc  
u n d eryearlin g  hybrid  
furth er  s tu d ies  a r e  re 
it is a lrea d y  u sed  fo r  v

R E F E R E N C E S

A llen  S . K . .  S ta n le y  J .  G .  19 
107 : 4 7 5 -4 7 8 .

Aliev D .  S . 1961. A m u r  i lol* 
A liev  D . S . 1976. T h e  ro le  o  

m en ! o f  w a fe r. J .  Ich ih y  
B ak o s J . ,  K ra sz n a i Z .,  M ir i  

A q u a c u lt.  H u n g . I  : 5 1 - 
C a p a n a  E .. C a ta u d e lla  S ..  G  

x  S a lv e lin u s  fo n tin a lis  (1 
C a s s a n i  J .  R .  1981. F c e d in j  

(H y p o p h th a lm ic h th y s  n* 
C im in o  C .  M . 1974. T h e  nue 

th c  e v o lu tio n  o f  unisexu 
C u e lla r  O . ,  U y e n o  T . 1972. '  
G e rv a i  J . .  P e te r  S .,  N a g y  A  

17 : 6 6 7 -6 7 1 .
G u r r  E . 1962. S ta in in g  a n im a  
Ja n ic h e n  H . 1973. D ie b io lo g i 
L in c o ln  R . F . ,  A u ls ta d  D ., < 

c o ld  sh o c k s. A q u a c u ltu r



o g ic a l a n a ly ses . M elv in  an d  B ig g ers (  1 9 8 0 )  rep o rted  th e  p r o d u c tio n  o f  th is h yb rid  in  th e  
U S A  a n d  c o n firm ed  th e  tr ip lo id  ch a ra cter . T r ip lo id s  are  g e n e r a lly  m o r e  v ia b le  in  lo w e r  v e r ­
teb rates, e sp e c ia lly  in  fish es. T h ere  are  s o m e  n a tu ra lly  o c c u r r in g  tr ip lo id  fish  (C u e lla r  a n d  
U yen o  1 9 7 2 . A llen  a n d  S ta n le y  1 9 7 8 . C im in o  1 9 7 4 . T h o rg a rd  a n d  G a ll 1 9 7 9 ) ,  a n d  s o m e  arc  
p rod u ced  b y  in tersp ec ific  h y b r id iza tio n  ( C a p a n a  e t  a l .  1 974 , V a s iljev  e t  a l. 1 9 7 5 , P u rd o m  1 9 7 2 ) .  
T r ip lo id y  h a s  b e e n  e x p er im en ta lly  in d u ced  u s in g  c o ld  o r  h ea t sh o c k  (W o lte r s  e t  a l .  19 8 1 , 
Lincoln  e t  a l .  1 9 7 4 . G erv a i e t  a l .  1 9 8 0 ) .  It is  b e liev ed  th a t in  th e se  c a se s  tr ip lo id y  is the  resu lt  
o f  th e  re te n t io n  o f  th e  se c o n d  p o la r  b o d y  b y  th e  o v u m ;  su c h  tr ip lo id s  are  ex p e c te d  to  b e  
ster ile  b e c a u se  th e y  w o u ld  p r o d u c e  a n e u p lo id  g a m ete s  ( M e lv i l  a n d  B ig g ers 1 9 8 0 ) .

In d u ced  p o ly p lo id y  m a y  b e a  m e th o d  for  p r o d u c in g  p e r m a n e n tly  ster ile  f ish  ( A lle n  a n d  
S ta n le y  1 9 7 8 ) .  In tr ip lo id s  o f  th e  h yb rid  b e tw een  p la ie  e  (P le u ro n e c te s  p la te s s a  L .)a n d  flo u n d er  
( P la tic h th y s  f le u s )  a b n o rm a l g a m e to g e n e s is  w a s  o b ser v ed  (P u rd o m  1 9 7 2 ) .  an d  tr ip lo id  
h yb rid s o f  ( P o e c ilia  fo r m o sa  L .)  an d  ( P o e c ilia  sp h en o p s)  w e r e  ste r ile  ( S c h u ltz  a n d  K allm an  
1968 ) .

B a k o s e t  a l .  (  ¡ 9 7 8 )  rep o rted  that c r o s se s  b e tw een  c o m m o n  ca rp  a n d  silv er  carp  h yb rid s a n d  
b a ck -c ro sses  o f  th e se  h y b r id s to  p a ren la l sp e c ie s  ( C y p rin u s c a rp io  L . o r  H yp o p h th a lm ich th ys  

m o litr ix  V a l.)  y ie ld ed  n o  fer tilized  e g g s  th a t d ev e lo p ed  b e y o n d  the  p la s to d isc  s ta g e . S im ila r  
d ev e lo p m en t w o u ld  b e  ex p e c te d  o f  a n e u p lo id  g a m ete s  p r o d u c e d  b y  th e  g ra ss ca rp  hybrid . 
S u zu k i (  1 9 6 3 )  rep o rted  ste r ile  m a le s  a n d  h erm a p h r o d ite  h y b rid s fr o m  th e  in tergen eric  cro ss  
b etw een  P se u d o g o b io  eso c in u s  a n d  G n a th o p o g o n  e lo n g a tu s.

T h e  g o n a d s  o f  th e  fiv e -y ea r -o ld  h y b rid s, g ra ss carp  a n d  b ig h ea d  w ere  e x a m in e d . T h e  g o ­
n ad s o f  th e  h y b r id s  w e r e  le ss  d e v e lo p e d  in  e a c h  c a s e  than  tha t o f  the  p aren ta l sp ec ie s  o f  the  
sa m e  a g e , a n d  d e fo rm itie s  w ere  fo u n d . In  s o m e  c a s e s  h erm a p h r o d itism  o ccu rre d  in  th e  
h y b r id s . T h e  h is to lo g ic a l a n a ly ses  co n fir m e d  th e  v isu a l e x a m in a tio n . O o c y te s  fro m  th e  o v a r ies  
o f  tr ip lo id  fish  w ere  a b n o r m a l c o m p a r e d  w ith  th e  o v a r ie s  o f  th e  p a ren ts. In  the  o v a r ies o f  
so m e  h y b rid s “ is la n d  lo c a te d ”  te stic u la r  t issu e  w a s fo u n d  in  a  m a ss  o f  u n d ifferen tia ted  c e lls .  
L in co ln  (  198 1 )  a ls o  rep o rted  a b n o r m a l o v a r ie s  in  tr ip lo id  fla tfish . S im ila r  resu lts  w e r e  o b ­
ta ined  in  th e  o e s tr io l a n d  te sto stero n e  h o r m o n e  a n a ly ses . T h e  te s to ste r o n e  le v e l o f  the  m a le  
h yb rid s w a s  le ss  th a n  that o f  th e  g ra ss carp  m a le s , an d  in  c a se s  s im ila r  le v e ls  o f  o es tr io l an d  
te s to ste r o n e  w ere  o b ta in e d , w h ic h  su g g e s te d  the  h erm a p h r o d ite  n a tu r e  o f  th e se  fish.

In th e  U S A  h y b rid  g ra ss ca rp  h a v e  b een  c o n t in u o u s ly  p r o d u c e d  s in c e  1 9 7 8  an d  the ir  p o s ­
sib le  ro le  in  w e e d  c o n tro l a ssessed . C a ssa n i (  198 1 )  ex a m in e d  the  feed in g  b eh a v io u r  o f  the  
u n d ery ea r lin g  h y b rid s a n d  rep o rted  it t o  b e  s im ila r  to th a t o f  th e  g ra ss carp  p a ren t. A lth o u g h  
further s tu d ies  a r e  req u ired  o n  fo o d  in ta k e , fo o d  p referen ce , a n d  g ro w th  ra te  o f  thc  h yb rid  
it is  a lrea d y  u sed  fo r  w eed  c o n tr o l in  a  few  o f  the  w ester n  co u n tr ies .
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