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ABSTRACT

Triploid hybrids of female grass carp (Ctenopharyngodon idella VaU and male big-
head (Aristichthys nobilis Rich.) were produced, using artificial propagation. The
triploid character was proved by karyological analyses. Morphological analysis was
carried out on second summer hybrids. The scale form, the number of vertebrae and
pharyngeal teeth can be used for distinguishing the hybrid from the parental species.
The sterility o f the hybrid was examined, and the results of the histological analyses of
gonads as well as the results of sex hormone analyses are presented. The hybrid can be
used for the control of the aquatic vegetation without the risk of overpopulation.

PE3IOME

Abtopm nonyHHjiH TpHnJiOfUiHbif! r« 6pna co CKpemitBattHeM axtypa <Ctenopharyngo-
don idella Val.) n neerporo TOlJicronofiHKa (Aristichthys nobilis Rich.) TpwiaoujHbiti
xapaKiep rn6pnjta aoKarajiH KapnononiiecKHMIJi aiia.'iii iam H. Mop4>oJiornMecKne
ilabmoaeHHa npoBcau Ha puGax /myxaeTHcro Bospacra. 1 noépnjbi crnimaiOTCIJi o ¢
poflHTenefi no (jiopMvjre leinyn, JwpM yne rnoToim.ix 3y60B n K oawiecrne ho3bohkob
h Jiyies rpyaHoro iuiaBHHKU. HccaeflOBaaH h CTepn,ibHOCTb rnopiina. CoodutatoT
0 incroJioi H4ecKHX HccacaoBainii rouaaoii ii o pe3yjibTarax auaaMia nonoBoro rop-
MoOHa. rHOpmt nnOfIOTBOpHO MO5KHO HCn0J1b30BaTb KaK OHOJIOrHieCKOe HCTpeOH-
Teabiioe cpeacTBO 6e3 pnctea iiepcHaccJieHHS.

KIVONAT

A szerzok triploid hibridet allitottak elo amurf Ctenopharyngodon idella Val.) és pety-
tyes busa (Aristichthys nobilis Rich.) keresztezésével. A hibrid triploid jellegét kariolo-
giai vizsgalatokkal bizonyitottak. A morfolégiai megfigyeléseket masodnyaras egye-
deken végezték. A hibrideket a sziiloktol a pikkelyképlet, a melliszok sugarainak és a
csigolyak szama. valamint a garatfogak képlete szerint lehet megkiilonbéztetni. Vizs-
galtak a hibrid sterilitasat is. Kozlik a gonadok szévettani vizsgalatianak, valamint a
szex-hormonok analizisének eredményeit.

A hibrid jol hasznilhaté biolégiai novényirtasra a tilnépesedés kockazata nélkiil.

33



INTRODUCTION

The development ofagriculture requires the use of more and more fertilizer, some ofwhich
is washed into natural waters and irrigation canals. Accumulation of these nutrients can
cause excessive weed growth. At present chemical and mechanical methods are being applied
for controlling aquatic vegetation. These techniques, however, are labour and cost consu-
ming, do not completely solve the problem, and they can pollute the environment. For the
biological control of aquatic plants grass carp (Ctenopharyngodon idella Val.) has been
increasingly used in East Germany (Janichen 1973), the Soviet Union (Aliev 1976), and the
Netherlands ('van Zon 1977). In many countries this method is not allowed because of the
danger of possible reproduction and naturalization of the species, following the introduc-
tion.

In 1975 a new triploid sterile hybrid of grass carp and bighead (Aristichthys nobilis Rich.)
was developed in Hungary (Marian and Krasznai 1978) which can be used for the control
of aquatic vegetation without the risk of unwanted overpopulation. It is cheaper, more ef-
fective and more acceptable in viewpoint of environmental protection.

The object of thispaper is to describe the morphology and karyology of the hybrid and the

results of its sex hormone and gonad histological analyses.

MATERIAL AND METHODS

The first crossbreeding of grass carp and bighead carp was carried out in 1975 (Marian
and Krasznai 1978). Induced breeding was used with the well known techniques described
by several authors (Aliev 196r, Vinogradov 1967) and developed further by our own research
team. Thirty-eight percent of the fertilized eggs developed to normal swim-up fry suitable
for stocking, and they were stocked in specially prepared nursery ponds (500 m?2), five days
after hatching, for a 30-day nursing period. Later on, they were raised in polyculture in
somewhat bigger experimental ponds.

Morphological investigations have been carried out by using two-summer old hybrids
with bodyweight of 250 to 300 g.

Fish 0f20-80 g weight, propagated and reared at our Institute were used for karyological
research, using the technique described in our previous paper (Marian and Krasznai 1978).
In the course of the microscopic examination of the chromosome sets, 50 cells were counted
for each species. The diploid chromosome numbers were determined on the basis of the mean
value.

Sex hormone investigation was carried out on five-year-old fish. The oestriol (pg/m1l) and
the testosterone hormone level (pg/ml) were determined by using the standard human RIA
kit and procedure of the Radiochemical Center, England. Five-year-old hybrids, grass carps
and bighead were used for histological analyses. Fish were decapitated and their gonads pla-
ced into neutral formalin. Paraffin sections were cut 7 pm and stained with haematoxylin

and cosin (Gurr }962).
RESULTS

Karyologicalpatterns. The most important karyological data, characteristic for grass carp,
bighead and their hybrids are summarized in Table I. The diploid chromosome number of
both parental species is 48, and the chromosomes form homogolous pairs. The morphologi-
cal distribution of the karyotypes of the species is identical, and the number of chromosome
arms (NF value) is also equal. Comparing the chromosome number of the hybrid (2n=72)
with the diploid numbers of the parental lines, the hybrid is triploid. The triploid nature of
the Fi hybrid is also shown by the morphological distribution ofthe karyotype.
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Table I.

Karyological Characteristics of Grass Carp, Bighead and F, Hybrid

Species 2n Meta- Submeta- Subtelo- Acro- NF
centric centric centric centric

Grass carp 48 10 8 6 84

Bighead 48 10 8 — 6 84

y- hybrid 72 15 12 — 9 126

Morphological pattern o f the Fi hybrid. The dominant colour of the Fi hybrid is green,
the back is darker, the sides are lighter and the abdomen is yellowish-green or golden.

The scale form is: lateral line 52 ——— 54

The number of rows of scales is an important feature in distinguishing the parental spe-

cies from the Fi hybrid.

Grass carp Bighead
6-7 28-32
42 ——45 114 e 120
5 23

The body of the Fi hybrid is somewhat flattened, the back is as broad as that of the bighead,
but the general impression is very similar to that of the grass carp. Its abdomen is rounded
and there is no keel to it. The form ofthe Fi hybrid mouth is similar to that of the grass carp,

but a vertical line drawn from the front of the eye does not reach the corner of the mouth.

The finform of the Fi hybrid is: dorsal fin: iii 6-7
caudal fin: 24 (25)
anal fin: iii 8-10
abdominal fin: i—8
pectoral fin: i—15-17

The number of rays of the pectoral fin can also be used to distinguish the hybrid from the
parental species (Grass carp: i—18: Bighead: i—18).
The most common formulae of pharyngeal teeth of the hybrid are: 4.1- 1.4

5-1-1.3

But thc followingare alsofound: 5.1-0.4 5.1-2.5
5.1-1.5 4.1-2.5
4114 sor-1 -4

The pattern ofthepharyngealteeth of thc grass carp is: 2.5-4.2

2%—4-2

2.4-5-2

1-4.5-2

The number of vertebrae in the hybrid is 38-39 compared with 42-43 vertebrae in the grass
carp. Various indices were used to describe the characteristic ratios of different parts of the
body, these arc shown in Table I1.

Sex hormone pattern. The results of hormone level determinations from the blood serum
are summarized in Table II1. In female grass carp or bighcads the level of oestriol was much
higher than that of testosterone, whilst in male grass carp or bigheads the reverse was true.
In 5 cases from the examined 9 hybrids the levels of oestriol and testosterone were nearly

the same, whilst in 3 cases high testosterone and low oestriol levels were obtained.
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Table 11
Characteristic Body Indices of Grass Carp, Bighead and Grass Carp x Bighead F, Hybrids
Grass carp Bighead F, hybrid
index % index % idex %
Profile index TL/HB 4.714 21.21  4.224 23.67 4.884 20.48
Caudal index TL/LT 5.419 18.45 4.486 22.29  4.605 21.17
Head index TL/LH 4.935 20.26  3.697 27.04  4.277 23.38
Width index TL/WB 6.761 14.78 8.394 1191  8.024 12.46
Height index HB/WB 1.434 69.72 1.987 50.32 1.643 60.84
TL: total length; HB: height ofbody; WB: width of body; LT: length oftail; LH: length of head.
Table I11.

The E (Oestriol) and Testosterone Hormone Levels (pg/ml) in thc Blood of Grass carp, Bighead
and the F, Hybrid

No. of Name of E (oestriol) Testosterone Presumable
sample fish hormone, pg/ml hormone, pg/ml sex
1 GCxBH 111.0 178.0 U
2 GCxBH 68.7 90.0 V
3 GCxBH 126.4 157.3 u
4 GCxBH 140.2 107.0 u
5 GCxBH 123.2 202.5 u
6 GCxBH 110.8 296.3 0
7 GCxBH 92.3 352.2 d
8 GCxBH 76.5 312.8 6
9 GCxBH 70.3 304.0 d
10 GC 845.3 242.0 ?
1 BH 672.1 291.3 i
12 GC 125.8 813,0 d
13 GC 266.4 867.7 6
14 GC 244.2 504.0 d
I5 GC 88.0 325.5 d
16 BH 85.8 294.0 d
17 BH 56.2 252.0 d
18 BH 56.2 630.0 d

UC « grass carp
BH —bighead
GC x BH = Ft hybrid

Histological pattern ofgonads. The gonads of the examined five-year old grass carp and
bighead females and males were normally developed, in the caseof thchybrid only abnormal
or less developed gonads were found. Oocytes from thc triploid hybrid ovaries were abnor-
mal, compared with the ovaries of the diploid parents. In the ovaries of some hybrids insular
testicular tissue was found in a mass of indifferentiatcd cells.

DISCUSSION

By crossing the grass carp and bighead viable triploid hybrids were produced which have
someadvantageous characteristics. The triploid characterofthc hybrid was proven by karyol-
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ogical analyses. Melvin and Biggers (7/980) reported the production of this hybrid in the
USA and confirmed the triploid character. Triploids are generally more viable in lower ver-
tebrates, especially in fishes. There are some naturally occurring triploid fish (Cuellar and
Uyeno 1972. Allen and Stanley 1978. Cimino 1974. Thorgard and Gall 1979), and some arc
produced by interspecific hybridization (Capanaetal. 1974, Vasiljevetal 1975, Purdom 1972).
Triploidy has been experimentally induced using cold or heat shock (Wolters et al. 1981,
Lincoln et al. 1974. Gervai et al. 1980). 1t is believed that in these cases triploidy is the result
of the retention of the second polar body by the ovum; such triploids are expected to be
sterile because they would produce aneuploid gametes (Melviland Biggers 1980).

Induced polyploidy may be a method for producing permanently sterile fish (Allen and
Stanley 1978). In triploids of the hybrid between plaiee (Pleuronectesplatessa L.)and flounder
(Platichthys fleus) abnormal gametogenesis was observed (Purdom 1972). and triploid
hybrids of (Poecilia formosa L.) and (Poecilia sphenops) were sterile (Schultz and Kallman
1968).

Bakos et al. (;978) reported that crossesbetweencommon carp and silvercarp hybrids and
back-crosses o fthese hybrids to parenlal species (Cyprinus carpio L. or Hypophthalmichthys
molitrix Val.) yielded no fertilized eggs that developed beyond the plastodisc stage. Similar
development would be expected of aneuploid gametes produced by the grass carp hybrid.
Suzuki (71963) reported sterile males and hermaphrodite hybrids from the intergeneric cross
between Pseudogobio esocinus and Gnathopogon elongatus.

The gonads of the five-year-old hybrids, grass carp and bighead were examined. The go-
nads of the hybrids were less developed in each case than that of the parental species of the
same age, and deformities were found. In some cases hermaphroditism occurred in the
hybrids. The histological analyses confirmed the visual examination. Oocytes from the ovaries
of triploid fish were abnormal compared with the ovaries of the parents. In the ovaries of
some hybrids “island located” testicular tissue was found in a mass o f undifferentiated cells.
Lincoln (1981) also reported abnormal ovaries in triploid flatfish. Similar results were ob-
tained in the oestriol and testosterone hormone analyses. The testosterone level of the male
hybrids was less than that of the grass carp males, and in cases similar levels o foestriol and
testosterone were obtained, which suggested the hermaphrodite nature of these fish.

In the USA hybrid grass carp have been continuously produced since 1978 and their pos-
sible role in weed control assessed. Cassani (7981) examined the feeding behaviour of the
underyearling hybrids and reported it to be similar tothat of the grass carp parent. Although
further studies are required on food intake, food preference, and growth rate of thc hybrid

itis already used for weed controlin a few of the western countries.
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