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COMPARISON OF PREDICTED AND OBSERVED PROFITS
FOR TWO-, THREE- AND FOUR-WAY CROSSES IN EGG
TYPE POULTRY

POROVNANI PREDPOVEZENEHO A POZOROVANEHO ZISKU
U DVOU-, TRi A CTYRLINIOVYCH HYBRIDU NOSNE DRUBEZE

J. Pribylova', J. P¥ibyl', V. Jakubec’, Z. Soukupova', M. Milerski', M. Tyller®

1Research Institute of Animal Production, Praha-UhFinéves, Czech Republic
2Czech University of Agriculture, Faculty of Agronomy, Praha, Czech Republic
3Poultry Breeding Enterprise, Dobrenice, Czech Republic

ABSTRACT: Full diallel crossing 9 x 9 and test of 9 three-way a 3 four-way crossbreeds were performed for laying poultry.
The total number of contemporary groups was 117 different combinations. Each resulting group consisted of 398.6 laying
hens, on the average. Systematic environmental effects were eliminated with linear model equations. According to the genetic
parameters from diallel crossing, prediction of performance was calculated for three- and four-way crossbreds in separate
characters (egg number, average egg weight, egg mass, body weight, feed consumption and mortality). Feed consumption
was estimated by multiple regression according to egg production, body weight and mortality. Separate characters were
combined for profit function. Rank of lines and given combinations is according to the value of profit. The profit ranged
from —24.5 to 58.8 K& per average hen in a given genotype. The correlations between the observed and predicted value of
profit for three and four-way crosses were significant.

egg type poultry; diallel design; two-, three- and four-way crosses; profit; prediction; comparison; profit function

ABSTRAKT: U nosného typu slepic bylo provedeno tplné dialelni kfiZeni 9 x 9 a test 9 tfiliniovych a 3 &tyfliniovych
hybridi. Celkem bylo otestovano 117 riiznych kombinaci. Primémy pocet slepic v jedné skupiné byl 398,6. Systematické
efekty prostfedi byly zohlednény pomoci linedrniho modelu. Na zaklad& genetickych parametri z dialelniho kfiZeni byla
vypodtena pfedpokladand uZitkovost pro tfi- a étyfliniové hybridy u jednotlivych uZitkovych vlastnosti (podet vajec, primérnd
hmotnost vajec, vaje¢nd hmota, hmotnost t&la, spotfeba krmiva a hyn). Spotfeba krmiva byla stanovena pomoci mnohon4-
sobné regrese na zdkladé vajetné produkce, hmotnosti té€la a dhynu. Jednotlivé uZitkové vlastnosti byly kombinovany do
ziskové funkce. Pofadi linii a jejich kombinaci bylo stanoveno na zdkladé hodnoty zisku. Rozpéti zisku od —24,5 do 58,8 K¢&
je vyjidfeno na jednu slepici prim&rného stavu daného genotypu. Korelace mezi pfedpoklddanou a pozorovanou hodnotou
zisku pro tfi- a ¢tyfliniové hybridy byla vyznamna.

nosna dribeZ; dialelni kfiZeni; dvou-, tfi- a &tyfliniovi hybridi; zisk; pfedpové&d; porovnani; ziskova funkce

INTRODUCTION

The purpose of animal breeding is to prepare for
farmers animals which produce economically. Breeds
and lines are systematically improved by selection and
then combined for production of commercial hybrids.
An important role is played by the performance predic-
tion of crossbred. The performance of parental popula-
tions and crosses from systematic crossbreeding experi-
ments are the basis for predictions.

The aggregate average genotype of purebred and
crossbred populations can be evaluated by means of
profit functions which have the same meaning for
populations as the selection indices for individuals. The
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average genotype of a population equals to its average
phenotype. In a profit function for more characters,
each of them is weighed by the corresponding eco-
nomic value and genetic parameters (direct, maternal,
grand-maternal and paternal and heterosis effects). In
the general equation the profit per production unit (pro-
ducing or fattened animal with constant weight or age —
cow, pig, sheep, hen) equals to the total income minus
the production and reproduction costs.

Profit functions were constructed for purebred and
crossbred populations by Strain, Nordskog
(1962), Moav, Moav (1966), Pichova et al.
(1973), Jakubec etal. (1974) and Pribylova et
al. (1988) in poultry, Moav (1966a, b, c) and
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Jakubec, Fewson (1970a, b) in swine, Nitter,
Jakubec (1970) in sheep and Rehia&ek et al
(1989) in rabbits.

Pfibyl et al. (1995) predicted the performance of
three- and four-way crossbred in egg type poultry by
means of purebred and single crossbred information
(generation means, crossbreeding parameters from
a diallel experiment with 9 x 9 lines — direct, maternal,
residual reciprocal population effect; average, line and
specific heterosis). In the same paper observed per-
formance of single characters for three- and four-way
crossbred was compared with the expected means of
the same characters and the same types of crossbred.
A relatively good coincidence between the observed
and expected means was found.

The objective of this contribution is the profit pre-
diction for two-, three- and four-way crossbred on the
basis of purebred and single crossbred information
(generation means and crossbreeding parameters) and
the comparison to the observed profit for the same type
of crossbred in egg type poultry.

MATERIAL AND METHODS

The genetic parameters were estimated from a full
diallel experiment, involving 9 egg-type lines and 72
single reciprocal crosses, carried out in the Poultry
Breeding Enterprise at Dobfenice in three successive
years (1985, 1986, 1987). The used biological material,
the linear model and the genetic model for the full
diallel design are described in detail by Pfibyl et al.
(1995).

The profits of purebreds, two-, three- and four- way
crossbred derived from the observed performance were
calculated by the following model:

Hd

Hd Hd "Sp(d+])

P_[(c, Dy tey.y3.)d (ca‘k+Np+c4.Sp)d]
where: P — profit (P(), (aB), (C.AB), (CD.AB))

c1 - price of 1 egg

y2 — number of eggs

c2 - price of culled hen per kg

I. Profits and least squares means of characters of parental lines

y3 - body weight of one hen at the end of the testing period

J - number of hens at the end of the testing period

c3 - price of lkg feeding mixture

k - consumption of feeding mixture during the laying pe-
riod

Np - fixed costs of laying period

cs ~ price of one pullet

Sp - number of hens at the beginning of the testing period

d - length of the testing period

Hd - number of hen-days

f  — period between batches

Feed consumption was estimated by the multiple re-
gression according to egg production, body weight and
mortality (Pichova etal, 1973; Pfibylové etal,
1987).

The profits of the two-, three - and four-way cross-
bred were alternatively calculated according to the real
and predicted performance of each character.

The predictions were estimated according to the:

A) average of parental lines

Y12=12(y; +y,) or
V123=1/4(2.y; +y,+yy) or
Y1234= 140y +y, +y3 +Y4)

where: y1 — performance of line (i) for a given character

B) all crossbreeding parameters from a diallel de-
sign (PFibyl et al., 1995) which is equivalent to

Vi23=12@2+y 3) or
Y1234= 1A Q13+ Y14+ Y23+ 24)

where: yij ~ performance of a crossbred from line (i) and (j) for
a given character

Both models using the single crossbred performance
from the full diallel design are equivalent to those mo-
dels including all crossbreeding parameters estimated
from the same full diallel.

RESULTS AND DISCUSSION

The profits and the estimates of the least squares
means of 5 characters and proportion of hen-days of
9 parental lines are given in Tab. I. The profit for the
parental lines ranged from -24.5 to +37.3 K¢&.

Tincs Profit Number Egg weight Egg mass Body weight Proportion Mortality

(K&) of eggs 8 (kg) ® of hen-days (%)
1 17.5 183 63.0 12.6 1 045 0.96 0.09
2 37.3 191 61.5 12.8 1 000 0.97 0.06
3 9.4 177 63.5 123 1074 0.97 0.06
4 15.0 178 60.8 117 1 056 0.95 0.08
5 -9.3 160 59.9 10.5 1009 0.95 0.09
6 19.0 182 62.1 123 1073 0.96 0.06
7 -24.5 156 64.0 11.0 1 020 0.96 0.06
8 12.7 176 60.8 11.8 1 066 0.96 0.09
9 19.7 182 61.9 12.3 1075 0.96 0.06
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II. Minimum and maximum profit and least squares means for the characters of two-way crosses

Profit Number Egg weight Egg mass Body weight Proportion Mortality
(K¢) of eggs (8) (kg) () of hen-days (%)
Min. values -6.5 168 59.5 115 1012 0.94 0.05
Max. values 58.8 205 65.1 13.9 1110 0.98 0.11
II1. Profits and least squares means for observed characters of three- and four-way crosses
Combinations l::(oéﬁ)t l:;nengbgesr Egg (vgv)eighl Eg%kr;)nss Body( ;cight ;r:cp::;:;s Mo(r;:x)lity
I 329 189 61.0 12,5 1023 0.95 0.08
11 7.4 179 64.5 12.6 1028 0.95 0.09
11T 42.2 196 62.9 13.4 1038 0.97 0.06
v 42.1 197 62.9 13.5 1087 0.96 0.07
v 422 197 62.8 13.4 1 076 0.96 0.07
VI 328 192 62.7 13.0 1054 0.96 0.09
viI 513 201 62.4 13.7 1 050 0.96 0.07
A% 111 40.9 195 63.2 13.4 1 055 0.97 0.07
X 33.6 190 61.5 12.6 1033 0.96 0.08
X 41.5 194 61.6 129 1 040 0.97 0.06
X1 39.2 193 61.0 12.7 1018 0.95 0.09
XII 33.9 192 63.6 13.2 1 084 0.97 0.06
I - 6x(2x9) IV - 1x(3x2) VII - 1x(9x2) X - (Ix2)x(5x4)
II - 7x(9x2) V - 1x(3x4) VIII - 1x(9x3) XI - (1x2)x(3x4)
1II - 1x(2x9) VI - 1x(5x4) IX - 2x(3x4) XII - (7x1)x(3x2)
V. Profits and means of characters for three- and four-way predicted from the p I line performance
Combinations l‘(’l&ﬁ)& tl;u:gbge; Egg (vg/)ei ght Eg%k:;nss Body( ;eight ;rggzr:ii:;s Mo(;x)lity
1 23.0 184 61.9 124 1059 0.96 0.06
I 0.8 171 62.8 12.0 1033 0.96 0.06
m 229 185 62.4 1255 1 045 0.96 0.08
v 20.3 184 62.7 12.5 1041 0.96 0.08
v 14.9 180 61.4 123 1 055 0.96 0.08
VI 10.4 176 62.6 12.9 1039 0.96 0.09
VIl 229 185 62.4 12.6 1045 0.96 0.08
Vil 16.0 181 62.8 124 1 060 0.96 0.08
IX 24.5 184 61.8 124 1032 0.97 0.07
X 15.0 178 61.1 129 1027 0.96 0.08
X1 19.6 182 62.2 123 1 044 0.96 0.07
X1l 9.1 177 63.0 12.1 1035 0.96 0.07

The minimal and maximal profit and least squares
means for the characters of the two-way crosses (72 re-
ciprocal crosses) are shown in Tab. II.

Only some of three- and four-way crossbreds were
tested for production. The profit for the three- and four-
-way crossbred ranged from +7.4 to +51.3 K& per aver-
age hen in a given genotype.

Least squares means for the observed characters and

the profits of three- and four-way crosses are given in
Tab. III.

ZIVOCISNA VYROBA, 41, 1996 (5): 189-193

The profits and means of characters for three- and
four-way crosses predicted on the basis of parental line
performance (method A) are shown in Tab. IV.

The profits and means of characters for three- and
four-way crosses predicted on the basis of the single
cross performance (method B) are shown in Tab. V.

The correlation between the profit on the one hand
and the single characters on the other for paren-
tal lines are shown in Tab. VI. A decisive character
for the profit is the egg number per hen. The corre-
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V. Profits and means of characters for three- and four-way crosses predicted from the single cross performance

Combinations l:z“t';t k:;n::gesr Egg (vgv;:ight Eg(gk:;ass Body( ;cight ol:mhep:f:ii:;s Mo(r;:)lity

I 50.3 202 62.8 13.7 1072 0.96 0.07

I 17.0 183 63.3 12.6 1044 0.96 0.06

it 40.3 196 63.3 13.5 1049 0.96 0.07

v 324 192 - 63.7 133 1049 0.96 0.08

\ 39.7 196 63.5 135 1079 0.96 0.07

A% 34.6 192 63.4 13.0 1061 0.96 0.08

viI 39.7 196 63.3 13.5 1049 0.96 0.07

Vil 40.6 196 63.9 13.6 1 081 0.96 0.06

IX 46.9 198 63.8 133 1 044 0.96 0.07

X 36.2 191 63.6 12.8 1047 0.96 0.07

X1 42.1 197 63.6 134 1 061 0.96 0.07

Xl 31.8 191 63.7 13.2 1 050 0.96 0.07

VL. Correlation between the profit on the one hand and the single characters on the other
Number Egg weight Egg mass Body weight Mortality
of eggs (® (kg) (8 (%)
Profit 0.979""* -0.437" 0.674° 0.314™ -0.566™
VII. Correlations between the observed and the predicted values of profits and single characters for two-way crosses

Prediction method based on the: ‘:;2{;‘ ':;"e“g";s' Egg (“g’)e'g"‘ ngk'g“)““ B"dy(;‘)’e'gh' M"(;f‘)‘“y
Performance of parental lines 0.674""" 0.671"" 0.916"™" 0.713""" 0.760""* 0.102™

VIIIL Correlations between the observed and the predicted values of profits and single characters for three- and four-way crosses

2 L Profit Number Egg weight Egg mass Body weight Mortality
Prediction method based on the: (K®) of eggs ) (ke) @ (%)
Performance of parental lines 0.704° 0.661° 0.659" 0.488™ 0.029™ -0.223"
Single crossbred performance 0.606" 0.493" 0.631° 0.367™ 0.100™ -0.081™

lation between the egg mass and profit is also signifi-
cant.

Egg mass is a complex character which consists of
two component characters — egg number and egg
weight. The lower value of correlation between the egg
mass and profit is due to the correlation between the
egg weight and the profit (r = -0.437). The other cha-
racters have not a significant impact on the profit.

The correlations between the observed and the pre-
dicted values of profits and single characters are given
in Tabs. VII and VIIL

It is interesting that the correlations between the ob-
served and the predicted values of profits and most
characters are higher when the prediction methods are
based on the parental line performance.

Correlations between the observed and predicted
profits for two-, three- and four-way crosses were sig-
nificant and higher than those for separate characters.
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The correlations between the observed and the pre-
dicted values of profit and separate characters were,
except mortality, highly significant for two-way
crosses. Values of correlation coefficients for three and
four-way crosses are influenced by low numbers of
more-way crosses which were tested, and not random
sampling of combinations in test.
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Z VEDECKEHO ZIVOTA

Zivotni jubileum doc. Ing. Zdetika Mud¥ika, CSc.

Narodil se 5. ledna 1936 ve Zling, kde absolvoval
zékladni vzdélani a nastoupil jako u€eii Statnich statki
a vyudil se chovatelem skotu. Dalsi vzdélani ziskal na
Mistrovské kole zemé&d&lské a didle na Zemé&d&lské
technické ¥kole, kde maturoval s vybornymi vysledky.
Potom nastoupil na Vysokou $kolu zemédé&lsko-lesnic-
kou v Brné, kterou ukonéil statnimi zdvére€nymi
zkouskami na Zootechnické fakult€¢ v roce 1960. Do
roku 1965 pracoval jako zootechnik v tehdej¥im JZD
Rackova. Zaroveii uil na Pedagogickém institutu, kde
ziskal odborné zkuSenosti. Od roku 1965 pracuje na
Ceské zem&d&lské univerzité (dfive Vysoké Zkole ze-
médé&lské) v Praze, nejprve jako odborny asistent a od
roku 1990 jako docent na Katedfe vyZivy a krmeni hos-
podéiskych zvifat. Od roku 1989 je jejim vedoucim.

Hodnost kandidata véd ziskal v roce 1968, kdy ob-
hé4jil disertadni préci na téma Nutri¢ni hodnota fepko-
vych extrahovanych Srotd po raznych technologiich
zpracovani. V roce 1973 podle pldnu vlastniho odbor-
ného ristu odevzdal habilitaéni prici na téma Biologic-
k4 hodnota bilkovin fepkovych extrahovanych 3rotu.

Price nebyla pfijata k habilitaci z divodu neperspek-
tivnosti pracovnika. Habilitovan byl aZ v roce 1990.

Jeho odborné zaméfeni je vyZiva pfeZvykavcu, pie-
dev3im dojnic. 'V této oblasti se dlouhodobg cilené& vé-
nuje problematice vyZivy vysokouZitkovych dojnic.
Vedle toho se zabyva také hodnocenim krmiv véetné
hodnoceni s vyuZitim instrumentélni chemie.

V soudasné dob€ vede prednasky z vyZivy a krmeni
hospodaiskych zvifat zootechnické specializace. Dosud
publikoval pfes 200 pivodnich praci, z nichZ vice neZ
polovinu prednesl na konferencich a sympoziich. V ci-
zich odbornych Casopisech publikoval dvanictkrat a na
mezindrodnich konferencich vystoupil s 32 referaty.
Publika¢ni index ma 34 a Z4danek o separity okolo
220.

Je &lenem védeckych a oponentskych rad ve VUZV
v Praze-Uhftinévsi, VUVZ v Pohotelicich a AF CZU
v Praze. Je dlouhodobym predsedou komise pro vedeni
statnich zavérecnych zkouSek na MZLU v Brné a dale
pfedsedou oborové komise pro aspirantské a dokto-
randské obhajoby.

Kolektiv Katedry vyZivy a krmeni hospoddrskych zvirat, AF CZU, Praha
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VYBRANE HEMATOLOGICKE PARAMETRE U OVIEC
PLEMENA CIGAJA V PUERPERALNOM OBDOBI

SOME HEMATOLOGICAL PARAMETERS IN EWES OF THE TSIGAI
BREED IN THE PUERPERAL PERIOD

M. Krajni¢dkova', E. Bekeov4', J. Katmarik’ , V. Hendrichovsky', I. Maradek'

Unstitute of Experimental Veterinary Medicine, KoSice, Slovak Republic
2Uniwzrsity of Veterinary Medicine, KoSice, Slovak Republic

ABSTRACT: Hematological parameters were examined in sheep of the Tsigai breed. The experiment involved 15 lambing
ewes after parturition in which functional and morphological changes in the sex organs were investigated in the puerperal
period. The animals were managed in the conditions of commercial flock. Their diet consisted of silage, hay, fodder beet and
feed mix BAK. Water and salt were available ad libitum. Blood samples were taken to an oxalate mixture from the v. jugularis
at time intervals given by days 1, 4, 7, 14, 17, 21, 25 and 34 after parturition. Erythrocyte counts were determined in blood
samples by Biirker’s flask method. Hemoglobin concentration was determined spectrophotometrically by measuring the
hemoglobin cyanide quantity on a Spekol instrument, and hematocrit was established by Janetzki's method in microhematocrit
capillaries. Leukocyte counts were determined by a flask method after dilution with Tiirk’s solution. Leukocyte per cent was
determined from blood smears by differentiation per 100 leukocytes. The smears were stained according to Pappenheim. The
results obtained were processed by Student’s r-test. Statistical significance was compared with regard to the first day after
lambing. Evaluation of the average erythrocyte counts showed the range of their values from 5.46 + 1.26 to 7.42 + 0.76 T/l
in the intervals of observation in the puerperal period, with statistical significance (P < 0.05) on day 7. Hemoglobin concen-
trations ranged from 7.59 + 1.25 to 9.72 + 1.74 g/dl. A statistically significant increase (P < 0.05) with the peak values was
found out on day 17 of observation. Average hematocrit values in the puerperal period did not vary largely, ranging from
32.2 + 5.07 to 35.6 £ 2.50 I/1. Evaluation of total leukocyte counts showed their range from 5.04 + 2.22 to 8.71 £ 4.26 G/
The per cent of neutrophilic granulocytes ranged from 32.0 + 5.76 to 38.80 + 6.37, of eosinophilic granulocytes from 3.88 *
2.61 to 7.00 * 2.64, of lymphocytes 51.0 + 7.84 to 59.33 + 5.67 and of monocytes from 2.66 + 1.0 to 4.20 + 2.28 in the
period of observation.

puerperium; ewe; erythrocytes; hemoglobin; hematocrit; leukocytes; leukogram

ABSTRAKT: Zamerali sme sa na sledovanie hematologickych ukazovatelov u 15 bahnic plemena cigdja v puerperdlnom
obdobi. Krv sme odoberali z v. jugularis do oxaldtovej zmesi v 1., 4., 7., 14,, 17., 21., 25. a 34. dni po pdrode. Pri hodnoteni
celkového poctu erytrocytov sme zistili rozpitie od 5,46 * 1,26 do 7,42 £ 0,76 T.I". Koncentrécie hemoglobinu sa pohybovali
na hodnotich 7,59 £ 1,25 a% 9,72 + 1,74 g.dl“l a hematokritové hodnoty 32,2 + 5,07 a% 35,60 + 2,50 LI"'. Priemerny podet
leukocytov sa pohyboval od 5,04 + 2,22 do 8,71 Gr! pri percentudlnom zastipeni neutrofilnych granulocytov 32,0 + 5,76
aZ 38,80 * 6,37 % a eozinofilnych granulocytov 3,88 + 2,61 a% 7,0 + 2,64 %. Percento lymfocytov v sledovanom obdobi
sme zistili v rozpiti od 51,00 * 7,84 do 59,33 + 5,67 % a monocytov od 2,66 + 1,0 do 4,20 * 2,28 %.

puerpérium; ovca; erytrocyty; hemoglobin; hematokrit; leukocyty; leukogram

UvoD

Obdobie po pérode, podas ktorého dochiddza k zme-
nam v celom organizme, predstavuje zavereinu fazu
reprodukéného cyklu. Aj ked je to proces fyziologicky,
dochéddza k znaénému vycerpaniu organizmu predcha-
dzajiicou graviditou a pdrodom, a preto je nezastupitel-
na a doleZitad kontrola homeostizy organizmu zvierat
v uvedenom obdobi. V naSej predchéadzajicej praci
(Krajni¢dkova et al, 1995) sme sledovali zmeny
Cervenej a bielej krvnej zloZky a poukézali na ich vy-
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znam pri procesoch spojenych s preimplantaénym ob-
dobim a postupujiicou graviditou oviec plemena meri-
no. Dynamiku popérodného obdobia hematologickych
ukazovatelov v puerperdlnom obdobi toho istého ple-
mena uvadzaji Krajnic¢akova et al. (1991). He-
matologické parametre bahnic plemena Zirne merino
v priebehu roka pri definovani reprodukéného cyklu
a vyZivy sledovali Jelinek et al. (1986). Vplyv
roznej tirovne vyZivy na zmeny hematologickych uka-
zovatelov u oviec plemena kaukazské merino Studovali
Cibulka etal. (1981), ktori zistili vyraznejSie zmeny
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sledovanych hodndt v Sase gravidity a lakticie bahnic.
Podrobna analyza hematologickych parametrov bola
uskutonena u tiav v jednotlivych fazach reprodukéné-
hocyklu(El1-Baghady etal, 1991),k6z(Mbassa,
Poulsen, 1993) a opic (Yoshida et al., 1992).

V naSej praci sme sa zamerali na sledovanie dyna-
miky hematologickych parametrov v krvi bahnic ple-
mena cigdja v popérodnom obdobi.

MATERIAL A METODA

Do sledovania sme zaradili 15 gravidnych bahnic
plemena cigéja ustajnenych v podmienkach dZitkového
chovu. Bahnice boli kimené senom s pridavkom jadro-
vého krmiva, voda a sol boli podavané ad libitum. Po-
Gas bahnenia, ktoré prebiehalo v mesiacoch januér aZ
februér, kfmna davka pozostavala zo silaZe, kimnej re-
pY, sena a kimnej zmesi BAK. Krv sme odoberali z v.
Jjugularis do oxalédtovej zmesi v stanovenych &asovych
intervaloch (1., 4., 7., 14., 21., 25. a 34. deii po poro-
de). Zo vzoriek krvi sme Biirkerovou bamékovou me-
tédou stanovili poc‘.et erytrocytov (T. I""). Koncentrécia
hemoglobinu (g. dr! ) bola stanovené spektrofotomet-
ricky, meranim mnoZstva hemlflobmkyamdu na pris-
troji Spekol, a hematokrit (1.I7") metédou Janetzkiho
v mikrohematokritovych kapildrach, mikrohematokri-
tovou centrifugdciou. Polet leukocytov sme stanovili
bani¢kovou metédou po zriedeni Tiirkovym roztokom
a percentudlne zastipenie leukocytov sme urdovali
z krvného niteru, diferencovanim na 100 leukocytov.
Nitery boli ofarbené metédou podla Pappenheima. Zis-
kané vysledky sme hodnotili Studentovym ¢-testom.
Statistickd vyznamnost bola porovnavana k prvému
diiu po vybahneni.

VYSLEDKY A DISKUSIA

Vysledky hematologickych parametrov uvadzame
v tab. I a ich dynamiku zndzorfiujeme na obr. 1 aZ 3.
Pri hodnoteni priemerného poctu erytrocytov (Er) sme
zaznamenali rozpﬁtle ich hodnét od 5,46 * 1,26 do
7,42 £ 0,76 T.I"" v sledovanych intervaloch popdrod-
ného obdobia. Zostup ich priemernych hodnét zisteny
v Stvrtom dni a Statisticky preukazny pokles (P < 0,05)
v siedmom dni po vybahneni sa pribliZuje idajom, kto-
ré zistili Kumar et al. (1992) v proestre pohlavného
cyklu jalovic, a dynamike prvych dni popdrodného ob-
dobia krav (Kud14¢&, Ele&ko, 1987). Zistené prie-
merné hodnoty v sledovanom obdobi si niZsie, ako
uvddzaji Krajnid¢dkova etal. (1991) u oviec ple-
mena slovenské merino v popdrodnom obdobi.

Koncentracie hemoglobinu sa do siedmeho diia po
porode pohybovali od 7,59 + 1,25 do 7,65 + 1,13 gdl‘1
Vzostup jeho koncentrécii na najvy3ie hodnoty 9,72 + 1,74
gdl‘l pri Statistickej vyznamnosti P < 0,05 sme zistili
v 17. dni popdrodného obdobia a jeho dynamika je po-
rovnatelnd s puerperdlnym obdobim krav (Frais, 1973).
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1. Priemerné hodnoty erytrocytov, h lobinu a h kritu u bah-
nic plcmcnu cigdja v popOrodnom obdobi Average values of eryth-

rocytes, h lobi rit in | g ewes of the Tsigai
breed in the puerpeml penod
Dni Eryu'ocytyz H D- i3 H krit?
po pdrode! () (g/dl) (n
1 6,90 £ 0,95 7,59 £ 1,25 32,20 £ 5,07
4 5,90 + 1,36 7,86 + 1,02 34,45+ 5,16
7 5.46 + 1,26 7,65+ 1,13 33,66 + 5,29
14 6,81 + 1,49 828+ 1,74 35,11 £ 6,50
17 6,63 + 1,19 9,72 + 1,74° 35,20 £ 5,92
21 7,18 £ 0,85 8,54 £ 0,36 35,60 + 2,50
25 7,42 £ 0,76 8,80 £ 2,09 34,25 + 1,50
34 6,83 + 0,98 8,53 £ 1,28 34,00 £ 2,02
‘P <005
Statisticka vy ( v jednotlivychch diioch sledovania bola

porovnédvand k prvému diiu po vybahneni
Statistical significance on the particular days of observation was
compared with regard to the first day after lambing

ldnys after parturition, 2erythrocytes. 3hemciglobin. *hematocrit

Priemerné hodnoty hematokritu (obr. 1) sa v popd-
rodnom obdobi pohybovali v rozpiti 32,2 + 5,07 az
35,60 + 2,50 1.7, Statisticky vyznamné rozdiely prie-
mernych hodnét v sledovanom obdobi sme nezazname-
nali. Hematokritové hodnoty sledovanych bahnic boli
mierne vysSie, ako uvddzaji Krajni¢dkova etal
(1991) u bahnic plemena slovenské merino v puerpe-
ralnom obdobi a Jelinek et al. (1986) v prvom me-
siaci po pérode.

Najvys8ie hodnoty celkového poltu leukocytov
(tab. II, obr. 2) sme zistili v prvom dni po vybahneni
(8,71 £4,26 G.I'"). Ich signifikantny pokles (P < 0,05)
v §tvrtom dni po pérode 5,04 * 2,22 bol vystriedany
vzoslupom do 17. dia sledovania na hodnoty 6,98 +
3,36 G.I7\. Rozpitie hodndt celkového poctu leukocy-
tov do konca sledovaného obdobla sa pohybovalo od
5,20+ 1,01 do 6,40 + 2,12 G.I"!. Literérne idaje o po¢-
te leukocytov si dost variabilné. Nami zisteny pocet
leukocytov je niZ$i v porovnani s vysledkami autorov
Jelinek et al. 1986). Dynamika zisteného poctu leu-
kocytov sa pribliZuje udajom, ktoré zistili Krajni-
¢akova et al. (1991) v sledovanych intervaloch po-
porodného obdobia.

Percentudlne zastipenie neutrofilnych granulocytov
(tab. II, obr. 3) sa v sledovanom obdobi pohybovalo
v rozpiti 32,0 + 5,76 aZ 38,80 + 6,37 %. Nami zistené
zastipenie neutrofilnych granulocytov je porovnatelné
s vysledkami autorov Jelinek et al. (1986), zisteny-
mi u oviec pofas prvého mesiaca po porode. Podobni
dynamiku s nesignifikantne vy$§im percentualnym za-
stipenim uvidzajd Krajni¢dkova et al. (1991)
v puerpériu bahnic plemena slovenské merino.

Pri hodnoteni percentudlneho zastipenia eozinofil-
nych granulocytov (tab. II, obr. 3) sme zaznamenali ich
rozpitie od 3,88 + 2,61 % do 7,00 £ 2,64 % a su po-
rovnatelné s vysledkami, ktoré uvadzaji Jelinek et
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1. Dynamické zmeny erytrocytov, hemoglobinu
a hematokritu po pdrode bahnic plemena cigdja -
Dynamic variations in erythrocytes, hemoglobin
and hematocrit after parturition of lambing ewes
of the Tsigai breed; y-axis - days after parturition

Y
[Eﬂmcm(‘/b

H-omodobh(g/d)
Hematokrit(1/)

2. Dynamika leukocytov bahnic plemena cigdja
po pdérode — Dynamics of leukocytes in lambing
ewes of the Tsigai breed after parturition

T T T T T

0 2 4 6 8
Leukocyly(G/I)

3. Dynamika p dlneho p

tovanych granulocytov a agranulocytov u ovncc
plemena cigéja v puerperdlnom obdobi — Dyna-
mics of the percentage of segmented granulo-
cytes and agranulocytes in ewes of the Tsigai

rﬂ.ﬂ'ﬂ'ﬁ)
FWY'YG)

Monocyty(%)
=N
Eozinofily (%)

breed in the puerperal period

al. (1986), aviak v porovnani s ddajmi, ktoré zistili
Skalka a Vrzgula (1970), bolo zastipenie hod-
notenych eozinofilov granulocytov v naSom experi-
mente niZSie.
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Percentuilne zastdpenie lymfocytov (tab. II, obr. 3)
sa v sledovanom obdobi vyrazne nemenilo a pohybo-
valo sa v rozpiti 51,0 + 7,84 a% 59,33 + 5,67 %. Vy-
sledky si porovnateIné s udajmi, ktoré zaznamenali
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I1. Priemerné hodnoty bielej krvnej zloZky u bahnic plemena cigdja v popérodnom obdobi — Average values of the white blood component

in lambing ewes of the Tsigai breed in the puerperal period

Dni po porode! u“‘(‘gng Segz::;w’ Lyn}f;«;yty‘ Mm(l;;yty’ Eosi(l;))ﬁly"

1 871+ 4,26 38,77 + 12,80 111+ 11,84 2,66 + 1,00 4,55+2,18

4 504 +£222° - 36,54 + 14,39 56,09 £ 14,65 3,36 + 1,50 436 +2.73

7 6534129 33,77+ 4,29 5833+ 4,15 277 + 1,09 433 42,06

14 685+ 1,78 32,00 + 5,76 59,33 + 5,67 3,88 +247 3,88 + 2,61

17 6,98 +3,36 32,55 + 6,04 58,44 +7,26 3,55+ 1,58 544 +2.83

21 520 + 1,01 38,80 + 6,37 51,00 + 7,84 3,40 + 1,67 5,80 + 2,20

25 6,40 +2,12 37,20 + 5,44 53,20 + 6,09 4204228 5,00 + 1,73

34 5,66+ 1,79 37,00 + 6,08 51,66 + 8,14 333057 7,00 + 2,64

"P<005

Statistickd vyznamnost v jednotlivychch diioch sledovania bola porovnévana k prvému diiu po vybahnent
Statistical significance on the particular days of observation was compared with regard to the first day after lambing

'days after parturition, 2leukocylr,s. 3segrruents. “Iymphocyles. smonocytes, “eosinophils

Krajni¢dkova etal. (1991) u oviec plemena slo-
venské merino v puerperidlnom obdobi. Nami zistené
percento lymfocytov bolo viak niZlie, ako uvédzaji
Jelinek etal. (1986) u bahnic plemena Zirne merino.

NajniZ8ie hodnoty percentuélneho zastipenia mono-
cytov sme zistili po porode (2,66 + 1,0 %). V ostatnych
diioch sledovania sa ich percento vyrazne nemenilo
a pohybovalo sa v rozpiti 2,77 £ 1,09 aZ 4,20 +
2,28 %.

Z hodnotenia dynamiky sledovanych hematologic-
kych ukazovatelov a naSich predchadzajicich sledova-
ni funké&no-morfologickych zmien na pohlavnom apa-
rite usudzujeme, Ze zmeny Cervenej a bielej krvnej
zloZky st sicastou fyziologickych procesov prebieha-
jucich v popérodnom obdobi.
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ZMENY HEMATOLOGICKYCH UKAZATELU
U PLEMENNYCH KROCANU V OBDOBI{
POHLAVNIHO DOSPIVANI

VARIATIONS OF HEMATOLOGICAL INDICATORS IN BREEDING
STAGS IN THE SEXUAL MATURATION PERIOD

E. Strakov4, P. Suchy, J. Illek

Veterinary and Pharmaceutic University, Brno, Czech Republic

ABSTRACT: The objective of the study was to examine hematological changes in breeding stags in the period of their sexual
maturation. Hematological examinations were made on 16 clinically healthy stags of balanced weight and age, at the age of
10, 15, 20, 25 and 30 weeks. The results demonstrate that some indicators exhibit characteristic variations in the blood picture
in this period. These variations were demonstrated to apply to total erythrocyte counts, hematocrit value and total hemoglobin
concentration in stag blood. The erythrocyte counts were found to increase highly significantly in stag blood from the 10th
week of age (2.41 T.I“) to the 30th week of age (3.54 T.I™!, i.e. an increase by 47%). A great increase in erythrocyte counts
was observed in stag blood between the 25th and 30th week of their age. Similar variations like in erythrocytes were recorded
in hematocrit value, with the average values rising from the 10th week of age (0.31 LI7! to the 30th week of age (0.38 L,
i.e. in increase by 22.5%). A significant rise was demonstrated in the 15th and 25th week of age. The highest variations
during sexual maturation were proved in total hemoglobin content in stag blood — its mean value increased from 114.01 to
185.25 g.l‘l from the 10th to the 30th week of age (an increase by 62.5%). A highly significant increase (P < 0.01) was
recorded in the 20th and 30th week of stag age. Other indicators of the red blood picture under observation did not exhibit
these characteristic variations any longer, even though the mean corpuscular hemoglobin concentration (MCHC) was gradually
increasing from the 10th week (37.73%) to the 20th week (44.45%), followed by a drop in the 25th week (40.91%) and a new
increase in the 30th week of age (50.58%). Similar dynamics of variations was also observed in the mean corpuscular
hemoglobin (MCH). MCH was gradually rising from the 10th week of age (47.88 pg) to the 20th week of age (59.51 pg),
followed by a gradual drop until the 30th week of age (52.60 pg). In the period of observation, a gradual insignificant increase
was observed in breeding stags in the mean corpuscular volume (MCV) from 129.71 f1 (10th week) to 139.41 fI (25th week)
with a statistically highly significant decrease (P < 0.01) to the value 106.42 fl at the 30th week of age. No such variations
were demonstrated in the particular indicators of the white blood picture. The average values of the particular indicators in
breeding stags ranged from 9.57 to 14.62 G.I™! for total leukocyte counts, from 0.25 to 0.52 G.I™! for basophilic granulocytes,
from 0.10 to 0.15 G.I"! for eosinophilic granulocytes, from 4.49 to 6.70 GI! for heterophilic granulocytes, from 4.63 to
7.58 G.I"! for lymphocytes and from 0.10 to 0.17 G.1I"! for monocytes. A conclusion can be drawn from the results presented
that significant variations took place in hemopoiesis in stags in the sexual maturation period, characterized by an increase in
erythrocyte counts, increase in hematocrit value and increased hemoglobin synthesis. We believe that these variations are
related to the development of the male sex organs, i.e. to the gonad development and spermiogenesis development.

stag; sexual maturation; hematological indicators

ABSTRAKT: Cilem price bylo studium hematologickych zmé&n u plemennych krocani v obdobi jejich pohlavniho dospivéni. Na
souboru 16 klinicky zdravych, hmotnostn& a v&kové vyrovnanych zvifat bylo ve v&ku 10, 15, 20, 25 a 30 tydnu provedeno
hematologické vySetfeni. Vysledky sledovani jsou dokladem toho, Ze v prib&hu tohoto obdobi dochézi u nékterych ukazateli
k charakteristickym zm&nam v krevnim obrazu. Tyto zmé&ny byly prokdzany u celkového pottu erytrocytl, hematokritové hodnoty
a u celkového mnoZstvi hemoglobinu v krvi krocanii. U téchto ukazatelii bylo v priib&hu sledovéni (10. aZ 30. tyden vé&ku)
prokézano statisticky vysoce vyznamné zvySeni (P < 0,01) celkového poltu erytrocyti (z 2,41 na 3,54 T.I"!), hematokritové hodnoty
(z 0,31 na 0,38 1.1"™") a mnozstvi hemoglobinu (z 114,01 na 185,25 g.l'l). U dalSich hematologickych ukazatell tyto zmény
pozorovény nebyly. Jejich primérné hodnoty v&tSinou kolisaly v urcitém rozmezi: prim&rné koncentrace hemoglobinu v erytrocytu
MCHC (37,79-50,58 %), prim&my obsah hemoglobinu v erytrocytu MCH (47,88-59,51 pg) a primémny objem erytrocytu MCV
(106,42-139,41 f1). RovnéZ u jednotlivych ukazatelii bilého krevniho obrazu bylo pozorovéno kolisani pruim&mych hodnot: celkovy
podet leukocyti (9,57-14,62 G.I™), bazofilni granulocyty (0,25-0,52 G.I™"), eozinofilni granulocyty (0,10-0,15 G.I™"), heterofilni
granulocyty (4,49-6,70 G.1™"), lymfocyty (4,63-7,58 G.I"!) a monocyty (0,10-0,17 G.I"").

krocan; pohlavni dospivani; hematologické ukazatele
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UvoD

Préce navazuje na dlouhodoba hematologicka sledo-
vani, ve kterych jsme se zabyvali problematikou srov-
navaci aviarni hematologie. V ramci téchto studii byla
odhalena fada vztahi mezi hematologickymi ukazateli
a vn&j¥im i vnitinim prostfedim zvifat.

Jednim z vyznamnych vnitfnich faktord, které vy-
razné ovliviiuji hemopoezu, je pohlavi zvifat. Proto ta-
ké k dynamickym zménam v krevnim obraze dochazi
pfedev§im v obdobi charakterizovaném pohlavnim do-
spivanim. ZvIla§t& vyrazné hematologické zmény v Cer-
vené sloZce krevniho obrazu byly v tomto obdobi pro-
kézédny u samcu dribeZe. Tuto skutenost potvrzuje
prace autori Suchy et al. (1988), ve které byly pro-
kdzany vyrazné zmény mezi vyvinem gondd a hema-
tologickymi ukazateli u plemennych kohoutii. Na pri-
kazné zmény v krevnim obrazu plemennych kohoutt
v obdobi pohlavniho dospivani upozoriiuji Suchy et
al. (1989). Obdobné zévislosti potvrzujii Strakova
et al.(1994) u druhu kiepelka japonska. Danou pro-
blematiku studovali u houserd Csuka et al. (1987).
Za vyznamnou lze pokladat i praci autori Cecil
a Bakst (1993), ve které upozoriiuji na nékteré zmé-
ny v hematologickych ukazatelich, ke kterym dochézi
u plemennych krocani v priib¢hu pohlavniho dospi-
véni.

Cilem této price bylo doplnit poznatky z hematolo-
gie plemennych krocanii v obdobi pohlavniho dospivi-
ni a na zékladé té€chto hematologickych studii potvrdit,
Ze v hemopoeze samci jednotlivych druhii dribeZe do-
chazi k n€kterym obecné platnym zmé&ndm.

MATERIAL A METODA

Cilem préice bylo studium zmén v hematologickych
ukazatelich u plemennych krocani v prub&hu pohlav-
niho dospivani. Za timto ucelem bylo vybrano 16 de-
setitydennich klinicky zdravych krocani hybridni kom-
binace Large White o vyrovnané hmotnosti. Krocani
byli chovéni spole¢né na podestylce z tvrdych hoblo-
vafek. Krmeni bylo zajiSt€no ad libitum kompletni
krmnou smési KR, pro odchov a vykrm krocanii o ob-
sahu 220 g/kg N-latek a 12 MJ/kg ME.

Krev pro hematologicka vySetfeni byla odebrana
punkci vena basilica ve v&ku 10, 15, 20, 25 a 30 tydni.
Krev pro hematologické rozbory byla po odb&ru stabi-
lizovana heparinem. Hematologické vy3etfeni spociva-
lo v kompletnim rozboru &erveného a bilého krevniho
obrazu.

Z Cervené krevni sloZzky byl stanoven obsah hemo-
globinu (Hb), celkovy podet erytrocyti (Er), hemato-
kritova hodnota (Hk), prim&ma koncentrace hemoglobinu
v erytrocytu (MCHC), primérny obsah hemoglobinu
v erytrocytu (MCH) a primérny objem erytrocyta
(MCV). Celkovy pocet erytrocytli byl stanoven banic¢-
kovou metodou fedéni a poéitani erytrocyti pomoci
Biirkerovy komiirky, hematokritovd hodnota kapilarni
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mikrohematokritovou metodou podle Janetzkiho a ob-
sah hemoglobinu fotometricky pomoci Drabkinova
roztoku pfi vinové délce 540 nm. Hodnoty MCHC,
MCH a MCYV byly stanoveny vypoétem z vySe uvede-
nych hematologickych hodnot (Er, Hb, Hk).

Z bilé krevni slozky krevniho obrazu byl stanoven
celkovy pocet leukocyti (Le) a kvantitativni zastoupe-
ni jednotlivych typt leukocytii — bazofilnich granulo-
cyti (Ba), eozinofilnich granulocytt (Eo), heterofilnich
granulocyti (He), lymfocytd (Ly) a monocyti (Mo).
Celkovy pocet leukocyti byl stanoven bani¢kovou me-
todou fedéni a pocitani leukocyti pomoci Biirkerovy
komurky. Kvantitativni vyhodnoceni jednotlivych typt
leukocyti bylo vypocéitano z celkového poétu leukocy-
ti a leukogramu, ktery byl vyhodnocen z krevniho na-
té€ru po panoptickém barveni (Slanina et al.,, 1965).

Vysledky byly zpracoviany matematicko-statisticky-
mi metddami podle autori Vendikov a Ven¢i-
kov (1977). Vyznamnost rozdili mezi priméry byla
testovdna pomoci Studentova testu.

VYSLEDKY

Vysledky hematologickych studii potvrzuji skute¢-
nost, Ze v prib&hu pohlavniho dospivéni dochéazi u ple-
mennych krocani k charakteristickym zmé&nam, prede-
v8im u nékterych ukazateli Cervené slozky krevniho
obrazu.

U celkového poétu erytrocyta byl od 10. do 30. tyd-
ne véku krocani zji§tén v krvi narast pramérnych hod-
not od 2,41 T.1™! do 3,54 T.I"', jak dokumentuje tab. I.
Zv1asté vyrazny vzestup prumémé hladiny erytrocyti
byl prokazan mezi 25. tydnem (2,87 T.I"") a 30. tyd-
nem (3,54 T.l'l) véku krocanli. Rozdil mezi témito pri-
mérnymi hodnotami byl vysoce pritkazny (P < 0,01).

Podobné zavislost jako u erytrocytd byla prokazina
i u hematokritové hodnoty. RovnéZ zde byla zazname-
nédna tendence postupného néristu primérné hodnoty
hematokritu od 10. tydne (0,31 1.17!) do 30. tydne
(0,38 l.l_l) véku zvifat. Prukazné rozdily (P < 0,05)
mezi praméry hematokritové hodnoty byly mezi 10. tyd-
nem (0,31 l.l'l) a 15. tydnem (0,34 1.17% a 20. tyd-
nem (0,35 1.1") a 25. tydnem (0,39 l.l") véku kro-
canu (tab. I).

Nejvyraznéjsi zmény byly prokaziny v prub&hu po-
hlavniho dospivani u celkové hladiny hemoglobinu
v krvi krocanu. Jeji pramérna hladina v tomto obdobi
vzrostla ze 114,01 g.l’l (10. tyden) aZ na 185,25 g.l"
(30. tyden). Vysoce prikazné rozdily (P < 0,01) mezi
prumérnymi hodnotami byly diagnostikovany piede-
v§im v 15. a 20. tydnu (127,83 g.I™! a 151,68 g.I™!)
a dale v 25. a 30. tydnu (159,98 g.17'a 18525 gI™")
véku krocant (tab. I).

Vyse uvedené hodnoty &erveného krevniho obrazu
vyrazné ovlivnily i hodnoty pramérné koncentrace he-
moglobinu v erytrocytu (MCHC), primérné hodnoty
obsahu hemoglobinu v erytrocytu (MCH) a primérné
hodnoty objemu erytrocytd (MCV) — tab. I. Primérné
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1. Vysledky vyZetfeni ziskané u jednotlivych ukazateli ervené krevni sloZky krevniho obrazu u krocani v prib&hu pohlavniho dospivani —
The results of examinations for the particular indicators of the red blood component of the blood picture in stags in the sexual maturation

period
Ukazatel' VEk (tydny)? n 5 5 s v 8
10 16 241 0,318 0,079 13,19
15 16 2,65 0,502 0,125 18,94 1,623
Er (Trh 20 16 2,60 0,414 0,104 15,92 0,307
25 16 2,87 0,457 0,114 15,92 1,750
30 16 3,54 0,293 0,073 8,29 4,949 **
10 .16 031 0,031 0,008 9,92
15 16 0,34 0,040 0,009 11,74 2,491 *
Hk arh 20 16 0,35 0,054 0,014 15,49 0,601
25 16 0,39 0,043 0,011 10,96 2,247 *
30 16 038 0,051 0,013 13,44 0,587
10 16 114,01 17,889 4472 15,69
15 16 127,83 22,480 5,620 17,59 1,924
Hb (CA)] 20 16 151,68 20,192 5,048 1331 3,157 **
25 - 16 159,98 10,363 2,591 6,48 1,463
30 16 185,25 17,180 4,295 9,27 5,038 **
10 16 37,79 8,128 2,032 21,51
15 16 38,87 11,062 2,766 2846 0315
MCHC (%) 20 16 44,45 13,643 3411 30,69 1,271
25 16 40,91 3,692 0,923 9,02 1,002
30 16 50,58 11,284 2,821 22,31 3,258 *+
10 16 47,88 8,200 2,050 17,13
15 16 49,53 11,039 2,760 22,29 0,480
MCH (pg) 20 16 59,51 12,504 3,126 21,01 2,393 *
25 16 56,88 8,621 2,155 15,16 0,693
30 16 52,60 6,414 1,604 12,20 1,593
10 16 129,71 24,840 6,210 19,15
15 16 133,66 40,108 10,027 30,00 0,335
MCV (m 20 16 137,91 24,899 6,225 18,06 0,360
25 16 139,41 19,247 4,812 13,80 0,191
30 16 106,42 15,360 3,840 14,43 5359 **

* P <005 ** P<0,01

Yindicator, 2nge (weeks)

hodnoty MCHC se u sledovanych krocani zvySovaly
od 10. tydne (37,79 %) do 30. tydne (50,58 %) vé&ku
s prudkym, vysoce prikaznym vzestupem mezi 25.
a 30. tydnem. Ponékud odlidny vyvoj zmén byl pozo-
rovan u primérnych hodnot MCH. Podobné jako u he-
matologickych ukazateli byl od 10. tydne (47,88 pg)
do 20. tydne (59,51 pg) zaznamenan jejich postupny
nérist. Od 25. tydne (56,88 pg) do 30. tydne (52,60 pg)
primérna hodnota nepritkazn€ poklesla. Urcité zmény
byly pozorovéiny i u primérného objemu erytrocyti
(MCV). V priib&hu pohlavniho dospivani, tj. od 10.
tydne (129,71 f1) do 25.tydne (139,41 fl), bylo zji§téno
jeho postupné zvyZovéni. Ve 30. tydnu v&ku krocani
nastal vysoce prikazny pokles prim&rné hodnoty MCV
aZ na 106,42 fl.
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Vysledky vy3etfeni celkového po&tu leukocyti i za-
stoupeni jednotlivych druhti leukocytii v krvi plemen-
nych krocanii naznaduje, Ze i zde dochazelo k ur¢itému
kolisani jejich primé&rnych hodnot v obdobi pohlavniho
dospivani (tab. II). Celkové podty leukocyti v krvi kro-
cani se ve sledovaném obdobi pohybovaly v rozmezi
primérnych hodnot 9,57 aZ 14,62 GI! se statisticky
vysoce pritkaznym poklesem na 9,57 G.I"! ve 20. tydnu
véku krocani. RovnéZ jednotlivé morfologické typy
leukocytti v krvi krocani v pritb&hu pohlavniho dospi-
vani kolisaly v uritém rozmezi prim&rnych hodnot,
a to u bazofilnich granulocytii od 0,25 do 0,52 G.I"},
u eozinofilnich granulocyti od 0,10 do 0,15 G.l"l,
u heterofilnich granulocytd od 4,49 do 6,70 G.I!,
u lymfocytt od 4,63 do 7,58 GlI''au monocyta od
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I1. Vysledky vySetfeni ziskané u jednotlivych ukazateld bilé krevni sloZky krevniho obrazu u krocanii v prib&hu pohlavniho dospivéni — The
results of examinations for the particular indicators of the white blood component of the blood picture in stags in the sexual maturation

period
Ukazatel! Vek (tydny)? n x S 55 v 1y
10 16 14,34 3,434 0,859 23,94
15 16 14,62 4,685 1,171 32,04 0,193
Le (A 20 16 9,57 2,815 0,704 29,41 3,696 **
25 16 12,19 3,683 0921 30,21 2,261 *
30 16 12,23 4,489 1,122 36,70 0,028
10 16 0,52 0,446 0,112 85,31
15 16 0,51 0,328 0,082 64,34 0,072
Ba @GIh 20 16 025 0,199 0,050 79,98 2,707 *
25 16 0,49 0,292 0,073 59,62 2712 %
30 16 0,52 0,310 0,078 59,93 0,281
10 16 0,14 0,034 0,008 24,53
15 16 0,15 0,047 0,012 31,23 0,693
Eo (GIh 20 16 0,10 0,028 0,007 28,15 3,599 **
25 16 0,14 0,052 0,013 37,67 2,709 *
30 16 0,13 0,052 0,013 40,12 0,544
10 16 6,70 2,320 0,580 34,62
15 16 6,24 2,478 0,620 39,72 0,542
He (2] 20 16 4,49 1,464 0,366 32,60 2431 *
25 16 4,90 2,543 0,636 51,90 0.559
30 16 597 3,649 0912 61,12 0,962
10 16 6.81 2,011 0,503 29,53
15 16 7.58 2,689 0,672 35,47 0,917
Ly (GI™h 20 16 4,63 1,877 0,469 40,55 3,599 **
25 16 6.54 1,529 0,382 23,38 3,158 **
30 16 5,49 1,739 0,435 31,68 1.814
10 16 0,17 0,087 0,022 51,41
15 16 0,15 0,052 0,013 34,48 0,783
Mo  (GIh) 20 16 0,10 0,028 0,007 28,15 3.386 **
25 16 0,12 0,037 0,009 30,69 1,754
30 16 0,12 0,045 0,011 37.41 0,000

* P <0,05, ** P<0,01
For | and 2 see Tab. [

0,10 do 0,17 G.I'". v pribéhu pohlavniho dospivani
doslo v krvi krocanii k vyraznému poklesu primérnych
hladin u celkového po&tu leukocyti i u jednotlivych ty-
pu leukocyti, ktery byl u celkového poétu leukocytt,
eozinofilnich granulocytd, lymfocyti a monocyti vy-
soce prukazny (P < 0,01) a u bazofilnich granulocyti
a heterofilnich granulocytu priikazny (P < 0,05).

DISKUSE

Z vysledki vyplyva, Ze v obdobi pohlavniho dospi-
véani krocani dochézi k vyraznym zm&ndm hematolo-
gickych ukazatelii. Tyto zmé&ny byly prokézény prede-
viim u zdkladnich ukazatelii &ervené sloZky krevniho
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obrazu, a to u celkového podtu erytrocytii, hematokri-
tové hodnoty a u celkového obsahu hemoglobinu. Na
obdobnou souvislost zmén v krevnim obraze s pohlav-
nim dospivanim a rozvojem gondd u samct dribeZe
upozoriiuji Cecil (1993), Suchy etal. (1988, 1989),
Strakova et al. (1994) aj.

U erytrocyti byl pozorovan vysoce prukazny (P <
0,01) vzestup jejich poctu v krvi krocanii od 10. tydne
véku z 2,41 T.I"! do 30. tydne vku na 3,54 T.I7, 4.
zvySeni o 47 %. Nejvyrazn&jsi vysoce prikazné (P <
0,01) zvySeni bylo zjist€no mezi 25. a 30. tydnem véku
(tab. I). Celkovy pocet erytrocyta v 15. tydnu véku
2,65 T.I"! zhruba odpovida prumé&rné hodnoté celkového
poétu erytrocyti 2,53 T.I"! u krocanit ve vykrmu ve 108
dnech (15 tydnd), kterou uvadéji Suchy et al. (1995).
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Obdobné charakteristika zmé&n byla pozorovéna
i u hematokritové hodnoty. Jeji primérné hodnoty
vzristaly od 10. tydne véku z 0,31 1.17! do 30. tydne
v&ku na 0,38 1.17°, tj. 0 22,5 %. Priikazny vzestup (P <
0,05) byl prokdzan v 15. a 25. tydnu v&ku. Na obdob-
nou dynamiku zmé&n v hematokritové hodnot& upozor-
fiuji i Suchy et al. (1989) u plemennych kohouti —
v pribé&hu pohlavniho dospivani zaznamenali jeji vyso-
ce priikazné zvySeni z 0,259 117! (10. tyden vé&ku) na
0,362 1.17! (25. tyden véku).

Nejvyraznéj§i zmény v prub&hu pohlavniho dospi-
véni byly prokazany u celkového obsahu hemoglobinu.
Jeho primé&rna hodnota od 10. do 30. tydne v&ku vzros-
tlaz 114,01 g.I" na 185,25 gI"!, j. 0 62,5 %. Vysoce
prikazny vzrist (P < 0,01) byl zaznamenén ve 20. a 30.
tydnu véku. Obdobné zmény hemoglobinu v obdobi
pohlavniho dospivani u plemennych kohouti prokéizali
i Suchy et al. (1989) — obsah hemoglobinu vzrostl
z 71,04 g.l'I (10. tyden) na 98,45 g.l" (25. tyden).

U dalSich ukazatelu ¢erveného krevniho obrazu ne-
byla prokazana zavislost jako u vy3e uvedenych hema-
tologickych ukazateli, i kdyZ primérn4 koncentrace
MCHC postupné stoupala od 10. tydne (37,79 %) do
20. tydne (44,45 %) s naslednym poklesem ve 25. tyd-
nu (40,91 %) a opétnym vzristem ve 30. tydnu véku
(50,58 %). Stanovené primé&rné hodnoty MCHC jsou
u plemennych krocanti vyrazné vys§i, neZ uvadéji Su-
chy et al. (1995) u vykrmovanych krat. Obdobna dy-
namika zmén byla pozorovéna i u primérného obsahu
MCH. Od 10. tydne (47,88 pg) se obsah hemoglobinu
v erytrocytech postupné zvy3oval aZ do 20. tydne véku
(59,51 pg) s naslednym postupnym poklesem do
30. tydne v&ku (52,60 pg). Primérné hodnoty MCH
u plemennych krocant byly opét vy$si neZ hodnoty
(39,58-46,63 pg), které u vykrmovanych krit uvadgji
Suchy etal (1995). V prib&hu pohlavniho dospivéni
plemennych krocani bylo zaznamenéno nepriikazné
postupné zvySovani primérného objemu erytrocyti
(MCV) z 129,71 f1 (10. tyden) na 139,41 fl (25. tyden)
s vysoce pritkaznym poklesem (P < 0,01) na hodnotu
106,42 fl ve 30. tydnu v&ku. Nami zji§téné primérné
hodnoty MCV byly vyrazné& niZi, neZ uvadé&ji u vykr-
movanych krat (136,82-184,80 fl) Suchy et al.
(1995). U jednotlivych ukazatela bilého krevniho obra-
zu nebyly prokazany obdobné zmény jako u &erveného
krevniho obrazu. Jak lze olekavat, variabilita ukazatelu

bilého krevniho obrazu u individuélnich i primérnych
hodnot je velmi vysokd, a to i u zdravych zvifat.

Z dosaZenych vysledku lze vyvodit z4vér, Ze v pru-
bé&hu pohlavniho dospivani dochéazelo u krocani k vy-
znamnym zmé&ndm hemopoeze, charakterizovanym
zvySenou tvorbou erytrocyti, zvySenim hematokritové
hodnoty a zvySenou syntézou hemoglobinu. Tyto zmé-
ny lze dat do souvislosti s vyvojem sam¢iho pohlavi,
tj. s vyvojem gonad a rozvojem spermiogeneze. Tuto
hypotézu potvrzuji napf. Suchy et al. (1988), ktefi
dokazali souvislost mezi rozvojem gonad a vySe uve-
denymi ukazateli.
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INDUCED OVULATION OF EUROPEAN CATFISH (SILURUS
GLANIS L.) BY CARP PITUITARY, GnRH ANALOGUE
AND/OR DOPAMINE INHIBITOR ISOFLOXYTHEPIN

INDUKOVANA OVULACE SUMCE VELKEHO (SILURUS GLANIS L.)
POMOCTI KAPRI HYPOFYZY, ANALOGU GnRH A DOPAMINOVEHO
INHIBITORU ISOFLOXYTHEPIN

J. Kouril', J. Ham4a&kova', O. Linhart', T. Barth?, A. I. Glubokov’, P. Haffray"

! Research Institute of Fish Culture and Hydrobiology, University of South Bohemia,
Vodriany, Czech Republic

2 Institute of Organic Chemistry and Biochemistry, Academy of Science of the Czech
Republic, Praha, Czech Republic

3 All-Union Research Institute of Marine Fisheries and Oceanography, Moscow, Russia

4 SYSAAF, Rennes, France

ABSTRACT: Ovulation was stimulated in five groups of European catfish (5.8-19 kg bw) by intramuscular single injections
of carp pituitary (5 females; CP; 4.5 mg.kg'l bw), or mammalian analogue of GnRH [dcsGly'° (D-Ala®) GnRH ethylamide]
(5 females; GnRHa 40 pg.kg" bw), or mammalian analogue GnRH (GnRHa; 40 pg.kg" bw) and dopamine inhibitor (DI)
Isofloxythepin (5 females; 2 mg.kg™' bw) or DI only (2 females; 2 mg.kg'l bw) in the same time at 23.0 + 0.12 °C. One
group of 5 females as control was injected with Ringer solution. The best ovulation of 80% females was found after injection
of CP or GnRHa or GnRHa with DI. The females injected with DI or Ringer solution did not ovulate. The highest average
values of ovulated ova per kg of female bw were reached in groups treated with the GnRHa preparation (13.3 + 3.8%, i.e.
20 493 £ 5 771 ova) and CP (12.9 * 3.5%, i.e. 19 928 + 5 438 ova). The value was expressively lower (8.3 + 4.3%, i.e.
12 791 £ 6 676 ova) in the group treated by the combination of GnRHa and DI, but these differences are not statistically
significant (P > 0.05). It was proved that the time interval at degree hours (°h) between treatment and ovulation is significantly
longer (P > 0.05) when treated with the GnRHa alone (685 + 38 °h) or in combination with DI (673 + 41 °h), as compared
with the CP application (482 + 43 °h). ANOVA did not show a significant effect of different treatments (CP, GnRHa, DI +
GnRHa) on the percentage and number of ovulated ova per kg of bw (P < 0.265).

hormonally induced ovulation; carp pituitary; analogue GnRH; dopamine inhibitor; Isofloxythepin; fecundity; European
catfish; Silurus glanis L.

ABSTRAKT: K pokusu s hormonélni indukci ovulace u péti skupin jikernagek sumce velkého o individudlni hmotnosti 5,8
aZ 19,0 kg bylo pouZito ryb piivodem z rybni¢niho chovu. Prvni skupiné (5 jikernatek) byla intramuskularné v jedné davce
podédna suspenze dehydratované kapfi hypofyzy (CP; 4,5 mg.kg"), druhé skuping (5 jikernatek) analog sav&iho GnRH
[desGlym (D-Ala%) GnRH ethylamide] (GnRHa; 40 p.g.kg"), tieti skupiné (5 jikernafek) GnRHa ve stejné dévce jako
u pfedchozi skupiny spolu s dopaminergnim inhibitorem (DI) Isofloxythepinem /7-fluoro-11-[4-(2-hydroxymethyl) piperazi-
no]-2-isopropyl-10,11-dihydrodibenzol [bf] thiepin)/ (2 ing.kg"), &tvrté skuping (pouze 2 jikernacky) samotny DI ve stejné
dévce jako u pfedchozi skupiny. Patd (kontrolni) skupina (5 jikernagek) byla injikovdna Ringerovym roztokem. Preparaty
byly aplikované ve stejnou dobu, teplota vody se pohybovala v rozpéti 23,0 + 0,12 °C. Shodn& 80 % ovulovanych jikernadek
bylo dosaZeno po injikaci CP, GnRHa a GnRHa spolu s DI. U jikernalek injikovanych samotnym DI nebo Ringerovym
roztokem nebylo ovulace dosaZeno. Nejvy33i relativni hmotnosti vytfenych jiker (13,3 + 3,8 %) a nejvy33i pracovni plodnosti
(20 493 + 5 771 jiker) bylo dosaZeno pii pouZiti GnRHa a CP (12,9 + 3,5 %; 19 928 + 5 438 jiker). Pon&kud niZ8i drovné
ukazatell plodnosti (8,3 + 4,3 %; 12 791 * 6 676 jiker) bylo dosaZeno u skupiny jikernatek o$etfené kombinaci GnRHa and
DI, dosaZeny rozdil ale neni statisticky signifikantni (P > 0,05). Byl zji3t&n statisticky pritkazny rozdil v délce intervalu od
injikace do dosaZeni ovulace vyjidfeného v hodinovych stupnich (°h) (P > 0,05) mezi skupinami jikernalek o3etfenymi
GnRHa (685 * 38 °h), resp. kombinaci GnRHa a DI (673 + 41 °h) ve srovnéni se skupinou injikovanou kapii hypofyzou
(482 + 43 °h). Metodou analyzy varianci (ANOVA) nebyly zji§té€ny prikazné rozdily v u¢inku riiznych zpusobli hormonélni
indukce ovulace (CP, GnRHa, DI + GnRHa) na relativni hmotnost vytfenych jiker a relativni pracovni plodnost (P < 0,265).

hormonéln& indukovani ovulace; kapfi hypofyza; analog GnRH; dopaminergni inhibitor; Isofloxythepin; plodnost; sumec
velky; Silurus glanis L.
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INTRODUCTION

The first successful hormonally induced stripping of
European catfish females (Silurus glanis L.) was per-
formed by Fijan (1976) in Croatia using carp pitui-
tary. This method was employed and improved above
all in Hungary (Horvéth, 1976) and in the Czech
Republic (Koufil, Haméa&kovd, 1977, 1982).
Later on, Koufil et al. (1987) and Proteau et al.
(1994) successfully induced the ovulation of European
catfish females using GnRH analogues as well.

MATERIALS AND METHODS

The experiments were performed in RIFCH at Vod-
flany in June 1994. Broodstock of European catfish
originating from the pond culture were utilized for the
experiments. Immediately after the transport to the hat-
chery females of 5.8-19.0 kg of body weight (bw) were
placed individually into fibre-glass troughs with water
flow. Females were treated by five various procedures.

The first group was treated with intramuscular (IM)
single injections of carp pituitary (5 females; CP;
4.5 mg.kg‘l bw), or superactive mammalian analogue
of GnRH [desGly'® (D-Ala%)GnRH-ethylamide] (5 fe-
males; GnRHa 40 |,Lg.kg"l bw), or mammalian ana-
logue GnRHa (GnRHa; 40 ug.kg'l bw) and dopamine
inhibitor (DI) Isofloxythepin /7-fluoro-11-[4-(2-hydroxy-
methyl) piperazino]-2-isopropyl-10,11-dihydrodibenzol
[bf] thiepin/ (Protiva et al., 1986), (2 mg.kg'I bw;
5 females) or only DI (2 females; 2 mg.kg‘l bw) in the
same time at 23.0 £ 0.12 °C. One group of 5 females
as control was injected with Ringer solution. Dehy-
drated CP and mammalian GnRH preparation were ap-
plied in Ringer solution, the Isofloxythepin preparation
in 1% solution of bovine serum albumin. After reach-
ing the ovulation, artificial stripping was performed in
females anesthetized in a Menocain preparation (1 :
3 000).

The fecundity was expressed as the percentage and
number of ova per kg bw of ovulated females. The time
interval between the treatment and the ovulation is ex-
pressed both in hours (h) and hour-degrees (°h — the
function of average temperature in °C and time interval
in hours).

Statistical significance was assessed using ANOVA
followed by Tukey’s multiple comparison test. The va-
lues P < 0.05 were considered significant.

RESULTS

Eighty percent of females ovulated in all experimen-
tal groups except the group which was treated by DI
only, where no ovulation appeared (Tab. I). No ovula-
tion was registered in the control group either.

The highest average values of the weight of obtained
ova were reached in groups treated with the GnRHa
preparation (13.3 + 3.8%, i.e. 20 493 =5 771 ova) and
CP (129 £ 3.5%, i.e. 19 928 + 5 438 ova). The value
was lower (8.3 £4.3 %, i.e. 12 791 £ 6 676 ova) in the
group treated with the combination of GnRHa and DI,
but these differences are not statistically significant
(Tab. II). ANOVA showed no significant effect of dif-
ferent treatments (CP, GnRHa, DI + GnRHa) on the
percentage and number of ovulated ova per kg of bw
(P < 0.265).

The time interval between treatment and ovulation
(Tab. II) is longer when treated with the GnRHa, either
alone (29.3 £ 2.2 h, i.e. 685 + 38 °h) or in combination
with DI (28.5 £ 2.4 h, i.e. 673 % 41 °h), as compared
with the CP application (20.4 £ 2.1 h, i.e. 482 1 43 °h).
These differences in time intervals amount 42% and
40%, respectively, and are statistically significant (P <
0.05).

DISCUSSION

Inducing ovulation in tench females (Koufil et
al., 1986), proved more effective using the mammalian
GnRHa [desGIylo (D-Ala% GnRH ethylamide] prepa-
ration as compared with CP, manifested by the in-
creased proportion of ovulating females and by the in-
creased percentage of fecundity. These differences
were not found in experiments with European catfish,
which is in good accord with our previously published
results (Koufil, Hamackova, 1982). In carp
a combined application of DI Isofloxythepin and mam-
malian GnRHa (Koufil et al., 1991) gave better re-
sults than the application of GnRHa alone. However,

1. The preparations used and their doses, female weight and the number of treated and ovulated females (CP — carp pituitary; GnRHa — mammalian
analogue of GnRH [desGly'” (D-Ala®) GnRH ethylamide]; DI — dopamin inhibitor Isofloxythepin)

Weight of fi (kg) No. of treated and ovulated females
Treatment Dose -

x1SD treated ovulated
cp 4.5 mgkg™ 106 £ 5.6 5 4
GnRHa 40 pgkg™! 113%2.1 5 4
GnRHa 40 pgkg™ 11.8+50 5 4
D1 2 mg.kg"
DI 2 mgkg™ 92403 2
Control 0 114 +£32 5
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I1. The preparations used and their doses, percentage and number of ova per kg of bw in spawned females and the duration of time interval from

treatment to ovulation (CP - carp pituitary; GnRHa — mammalian analogue of GnRH [des-Gly' (D-Ala®) GnRH, ethylamide]; DI — dopamin
inhibitor Isofloxythepin; h — hours; °h — degree hours). Groups with a common superscript do not differ significantly (P < 0.05)

il - Ova per kg of :)Ewiu; [s)l;nwned females Time t and spawning
percentage number h+ SD °h + SD

CP 4.5 mgkg™ 129 + 3.5 19 928 + 5 438" 204 % 2.1 482 £ 43

GnRHa 40 pgkg™! 133 +3.8" 20 493 + 5 771° 293+22 685 + 38

GnRHa 40 pgkg™ 83+43" 12791 £ 6 676" 285+24 673 £ 41

DI 2 mg.kg'l

DI 2 mgkg™ 0 0 A b

Control 0 o 0* - -

no improving effect of such a combined application
was found in the present experiments with European
catfish.

It can be stated on the basis of presented and other
published results that the most convenient way of hor-
monal induction in European catfish is based on the
application of CP or GnRHa.

This work was supported by CEC grant no.
CIPA-CT93-0274.
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CORRELATION OF FEED INTAKE AND PRODUCTION
CHARACTERISTICS OF BOARS IN A PERFORMANCE
TEST

KORELACE MEZI PRIJMEM KRMIVA A PRODUKCNIMI ZNAKY
KANCU ZARAZENYCH DO TESTU UZITKOVOSTI

G. Kralik, Z. Maltar, S. Jovanovac

University of J. J. Strossmayer in Osijek, Faculty of Agriculture, Department of Animal
and Poultry Sciences, Osijek, Croatia

ABSTRACT: This paper deals with the influence of the level of feed on the results of the performance test of Large White
boars between 30 and 100 kg live weight. The test was performed through three years on three different farms including
a total of 320 boars. The average production results were as follows: the age of boars at the beginning of the test was
87.07 days, the age at the end of the test was 165.61 days, daily weight gain 0.904 kg, daily feed intake 2.30 kg, conversion
ratio 2.55 kg and the average thickness of bacon was 16.34 mm. To appraise the influence of the systematic factors of the
environment on the tested characteristics of the boars, the analysis of the variation according to the LSQ method was used.
The production characteristics of the boars were reviewed for each farm separately. The phenotype affinity between the
fattening indicators is determined by the correlation coefficients. The higher daily feed consumption on all three farms was
connected with a shorter fattening period (r = -0.46"",-0.51"", -0.44""), with a higher daily weight gain (r = 047", 036",
0.46') and a higher feed conversion ratio (r = 0.40°, 0.47™, 0.45”). The results show a significant influence of the level of
feed intake on the phenotype declared indicators of boars production and could be used in the'bree.ding.

boar; production traits; feed intake; performance test

ABSTRAKT: Préce pojednivé o vlivu pfijmu krmiva na vysledky testu uZitkovosti kancii plemene bilé u3lechtilé s Zivou
hmotnosti od 30 do 100 kg. Test se uskute¢nil v pribg&hu tfi let ve tfech riznych chovech, které zahrnovaly celkem 320 kancu.
Primé&rné vysledky vykrmu byly: v&€k kanci na za&4tku testu 87,07 dni, v&k na konci testu 165,61 dni, denni hmotnostni
pfirustek 0,904 kg, denni pfijem krmiva 2,30 kg, konverze krmiva 2,55 kg a prim&rn4 vy3ka sidla 16,34 mm. Pfi hodnoceni
vlivu systematickych faktori prostfedi na testované charakteristiky kancii jsme pouZili analyzu rozptylu — metodu nejmengich
&tvercl. Produkéni znaky kancl jsme posuzovali pro kaZdy chov oddélen&. Fenotypovou podobnost mezi jednotlivymi
ukazateli vykrmu urluji koeficienty korelace. Vy38i denni spotfeba krmiva ve viech tfech chovech souvisela s krat§im
obdobim vykrmu (r = -0,46"", -0,51"", ~0.44""), s vy%8im dennim ptiristkem (r = 0,47"", 0,36", 0,46") a s vy3§i hodnotou
konverze krmiva (r = 0,40°, 0,47"", 0,45™). Vysledky naznacuji vyznamny vliv vySe pfijmu krmiva na fenotypové produkéni
znaky kanci a mohly by se vyuZivat ve Slechtitelské préci.

kanec; produkéni znaky; pfijem krmiva; test vykrmnosti

INTRODUCTION

Improvement of economically important production
characteristics in the population can be accomplished
using the boars of breeding value above average. De-
termination of the breeding value is carried out by di-
rect testing of the growing boars (performance test) at
the age of 67 months, i.e. before their involvement in
the reproduction. Relevant production traits, estimated
in performance test are: average daily gain, feed con-
version ratio and average backfat thickness. Although
performance test is less accurate in evaluation of ani-
mal breeding values compared to combined, especially
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to progeny test, it is used more often because of many
conveniences it has, compared to tests mentioned
above. Thus, every larger pigbreeding farm in Croatia
has a station for the evaluation of production capabili-
ties of pigs.

This paper researches into the production traits of
Large White boars weight 30-100 kg at the testing
stations of 3 pigbreeding farms (which will be referred
to as farm 1, 2 and 3 in further text) with special accent
on influence of the food intake level on expression of
phenotype characteristics and fattening indicators.

A correlation between specific production indicators
has a great practical meaning for the selection work.
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Brandt et al. (1985) detected negative phenotype
correlations between feed intake and meat share (r =
-0.50, r = -0.40), and positive correlations between
feed intake and meat/fat ratio (r = 0.50, r = 0.30) and
backfat thickness (r = 0.40, r = 0.30). Bereskin
(1986) found that genetic correlations between feed
conversion efficiency (kg/kg), average daily gain, daily
feed intake and backfat thickness were -0.52, -0.52
and -0.69, respectively, and that phenotype correla-
tions were —-0.24, -0.57, and 0.212. Genetic and phe-
notype correlations between average daily gain and
average backfat thickness were 0.176 and 0.254, re-
spectively. Sen&i¢ et al. (1989) determined a weak
and negative relation between fattening duration and
feed conversion in-the first and second period of fat-
tening (r = -0.266 and r = —0.330, respectively), strong
and medium negative relation between fattening dura-
tion and daily gain (r = —0.88 and r = -0.682, respec-
tively), as well as a weak and positive relation between
feed conversion and daily gain (r = 0.409 and r = 0.285,
respectively).

MATERIAL AND METHODS

The material for investigation consisted of Large
White boars, tested during three years at testing stations
of 3 pigbreeding farms: farm 1, farm 2 and farm 3.
Total of 376 boars were tested for 11 production indi-
cators. Tested boars did not have body weight lower
than 28 kg, nor over 32 kg entering the test. Test ended
at body weight of 100 kg. For each animal these pa-
rameters were determined: age at the beginning (A1)
and at the end of the test (A2), body weight at the
beginning (W1) and at the end of the test (W2), dura-
tion of the test (TD), total gain (TG), total feed intake
(TFI), feed conversion ratio (CONV), average daily gain
(ADG), daily feed intake (DFI), and average backfat
thickness (ABT).

Regarding the fact that material came from different
farms and considered several years of research, analysis
of variance by the least squares method (LSQ) describ-
ed by Harvey (1960) was used for evaluation of the
influence environmental systematic factors.

Considering the established hypothesis, the follow-
ing model of the mentioned method was applied in the
research:

Yiju=n+ F,+Gj+RKHk+e,~jk,

where: Yjju - value of the investigated trait of ijkl/-th boar in k-th
class of food intake, j-th year, i-th farm
[ - mean of the model
Fi — influence of the i-th farm (i = farm 1; farm 2;
farm 3)
Gj - influence of the j-th year of the test (j = Ist, 2nd
and 3rd year)

RKHi - influence of the k-th class of the feed intake (k =
1 = <2kg; 2 =2.10-2.20 kg; 3 = 2.21-2.40 kg;
4 = 241-2.60; 5 = 2.61-2.80 kg; 6 = 2.81 and
more kg)

ejki  — random error
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Share of explained variance was evaluated by the
coefficient of determination (R?). Testing of the diffe-
rences was performed by -test. Relation between the spe-
cific traits of boars were investigated by phenotype cor-
relation coefficients. Regression analysis of the relation
between feed intake and other production indicators in
test was obtained by linear regression coefficient (b).

RESULTS AND DISCUSSION

The mean values of the indicators on farms are
shown as LSQ-mean values in Tab. I. It is visible from
the data that boars from the testing station of farm 2
entered the test first (79.37 days), and boars from the
testing station of farm 1 were last to enter the test
(91.42 days). They end the test by the same order.
However, the test lasted the shortest time at the test
station of farm 1, in which boars had the highest daily
gain, the best feed conversion ratio and the lowest feed
intake as well as daily feed intake.

The highest daily gain was obtained for boars from
the testing station of farm 1 (0.918 kg), and lowest for
the boars from farm 2 (0.892 kg). The smallest feed
conversion ratio was noted for the boars from farm 1
(2.32 kg), then follow the boars from farm 2 (2.64 kg)
and farm 3 (2.69 kg). Statistically significant differ-
ences were found between boars from the testing sta-
tions of farm 1 and farm 2 as well as between boars
from farm 1 and farm 3.

The lowest backfat thickness was recorded in the
boars from the testing station of farm 3 (16.00 mm)
followed by the boars from farm 2 (16.03 mm) and
farm 1 (17.00 mm). The boars from farm 1 had signifi-
cantly thicker backfat than the boars from farm 2 and
farm 3. The lowest feed intake was observed in the
boars from farm 1 (2.12 kg) followed by the boars from
farm 2 and farm 3 (2.38 kg and 2.41 kg, respectively).
The boars from farm 1 had significantly lower feed
intake than the boars from the testing stations of farm
2 and farm 3.

Differences between the farms were tested by r-test
regarding the production indicators. The results are pre-
sented in Tab. II. Analyzing the age at the beginning
of the test, a statistically significant difference occurred
between testing station of farm 1 and farm 2 as well as
between farm 3 and farm 2 (P < 0.01). The same results
occurred for initial body weight and age at the end of
the test. The difference in duration of the test was sta-
tistically significant only between boars from the test-
ing stations of farm 1 and farm 2. No statistically sig-
nificant differences between testing stations were found
in daily gains.

The level of food intake (feed intake class) signifi-
cantly influenced the particular production indicators
of the boars in performance test as it is shown by the
F-values in Tab. III.

The level of the feed intake had significant influence
on fattening duration, daily gain, feed conversion ratio
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1. Mean values (LSQ) of fattening indicators of Large White boars in performance test g to testing

Production Testing Means for 3 testing
indicators farm 1 farm 2 farm 3 stations
Al 168.98 159.26 168.58 165.61
A2 91.42 79.37 90.43 87.07
wi 30.06 29.37 30.19 29.87
w2 100.49 100.06 100.00 100.18
D 77.29 79.79 78.14 78.41
ADG 0918 0.892 0.902 0.904
CONV 2.32 2.64 2.69 2.55
ABT 17.00 16.03 16.00 16.34
TG 70.42 71.47 69.88 70.59
TFI 163.13 189.08 187.45 179.89
DFI 2.12 2.38 241 2.30

II. Differences (d-values) between the testing stations in average values of production indicators of the boars in performance test and

gnifi of the diffe (t-test)
Prod Farm 1 / Farm 2 Farm 1/ Farm 3 Farm 2 / Farm 3
indicators d t d t d '
Al 12.05 6.06" 0.99 0.85 11.06 9.94"
wi 0.70 377" 0.12 1.49 0.81 8.96"
A2 9.72 435" 0.39 0.22 9.33 5.88"
w2 0.42 230 0.00 0.00 0.00 0.00
™ 2.50 2.08" 0.15 0.70 1.65 1.61
ADG 0.03 1.88 0.02 1.14 0.01 0.89
CONV 0.32 7.68" 037 874" 0.05 135
ABT 0.96 235 1.00 234 0.04 0.10
TG 1.05 220" 0.54 341" 1.59 7.12
TFI 25.96 9.32" 24.32 8.30" 1.63 0.64
DFI 0.26 7.04" 0.29 8.35" 0.03 1.02

*P<0.05 " P<001

and backfat thickness of the boars on all three farms.
Except the effect on mentioned indicators, the level of
feed intake significantly influenced the total gain of
boars from farm 2, age at the end of the test of the boars
from farm 3, total feed intake of the boars from the
testing stations of farm 2 and farm 3, but it had no
influence on total feed intake of the boars from farm 1.

The influence of the feed intake class on the produc-
tion traits of Large White boars at all of the analyzed
testing stations is presented in Tab. IV. By the increase
of the daily feed intake, duration of the fattening de-
creased (84.6 days in the 1st class and 71.8 days in the
6th class). Daily gain increased from 0.842 kg in class
1 to 0.972 kg in classes 5 and 6, whilst feed conversion
ratio increased from 2.37 in class 1 to 2.96 in class 6.

A significant relation between feed intake level and
some production indicators is also denoted by the cor-
relation and regression coefficients showed in Tab. V.
Increase of feed intake level was followed by shorter
duration of the fattening period (r = -0463", r =
-0.445"", r=-0.508""), increased daily gain (r =0.474"",
r=0.457" and r = 0.357") and increased feed conver-
sion ratio (r = 0.397™, r = 0.447"" and r = 0.468"").
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III. F-values of variance analysis of food intake class influence on
indicators of boars in performance test

| F-values

Indicators

farm 1 farm 2 farm 3
Al 1.505 0.246 1334
A2 1.188 1.030 6.612"
™D 4.288"° 5.768"" 12.482°"°
ADG 57719 2736 13.264°"°
CONV 3.069" 4.892"° 12.541""°
ABT 3.191° 2.795" 3.003"
TG 1.225 2.810° 0.460
TFI 2411 10.469""° 15.531°""
wi 1.798 0.745 0.673
w2 0.509 0.385 0.000

"P<00s; " P<001; "™ P <0001

The relation between the level of feed intake and back-
fat thickness differed between the testing stations. In-
crease of feed intake level was followed by weak and
insignificant decrease of backfat thickness of the boars
from the testing station of farm 1 (r = -0.294), weak
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IV. The influence of feed intake class on performance of boars

Feed intake cl
Indicators 1 2 3 4 5 6 18
n=17 n=175 n=130 n=98 n=40 n=16
Al 825 87.1 88.2 86.9 87.0 86.5 86.4
wi 299 29.9 29.9 299 298 299 29.9
A2 167.1 168.8 166.6 162.1 159.5 159.1 163.9
w2 100.3 100.1 100.2 100.1 100.2 100.1 100.2
™D 84.6 81.5 783 75.2 726 71.8 713
ADG 0.842 0.867 0.903 0.940 0.972 0.972 0.916
CONV 237 2.46 2.54 2.63 275 2.96 2.62
ABT 158 15.6 16.3 17.3 16.8 16.7 16.4
TG 70.7 70.8 70.5 703 70.5 70.4 70.5
TFI 165.1 172.6 180.4 186.5 195.4 209.9 185.0
V. Correlation (r) and regr (b) coefficients b daily feed intake (DFI) and investigated production indicators of boars in performance
test for the farms and average for all farms
] Farm | Farm 3 Farm 2 All farms
Indicators
r b r b r b r b
Al 0.345" 18.538 | -0.055 -1.725 0.005 0.285 0.022 -0.858
wi -0.086 -0.325 0.094 -0.200 0.103 0.564 0.011 -0.035
A2 -0.014 -0.860 0341 -16.844 | -0.202 -11.973 -0.262"" -13.072
w2 -0.169 -0.949 - " -0.016 -0.078 0.148" -0.333
D -0463" | -19271 | -0445" | -15179 | -0508" | -13918 | -0396" | -12.315
ADG 0.474"° 0.236 0.457" 0.177 0357 0.109 0.380"" 0.134
CONV 0.397"° 0.464 0.447" 0.543 0.468"" 0.517 0.539"* 0.651
ABT -0.294 -2.548 0.186"" 2337 0.111 1.334 0.088 1.003
TG -0.097 -0.623 0.044 0.194 | -0.242 -3612 | -0.880"" -0.619
TFI 0.84" 41.382 0.489" 41.082 0.619"" 44.246 0.577"" 47.809
and insignificant increase of the same indicator of the = REFERENCES

boars from farm 2 (r = 0.111) as well as weak and
significant increase of backfat lhickm:.ss of the boars
from farm 3 testing station (r = 0.186 -

CONCLUSION

The results of the research point out the significant
influence of feed intake level in the test from 30 to
100 kg on phenotype declared indicators of the gain for
Large White boars, on feed conversion ratio as well as
on duration of the test. Hence, they can be of use in
breeding and selection.

Higher daily feed intake was correlated with shorter
test duration (r = —0.396""), higher daily gains (r =
0.380“) and poorer feed conversion ratio (r = 0.539).
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MOZNOSTI SKRMOVANIA MUCOK Z MUSICH KUKIEL
A RIAS U JAPONSKYCH PREPELIC

OPTIONS OF FEEDING MEALS FROM FLY PUPAE AND ALGAE
TO JAPANESE QUAIL

V. Chrappa, V. Sabo

Institute of Animal Biochemistry and Genetics, Slovak Academy of Sciences,
Ivanka pri Dunaji, Slovak Republic

ABSTRACT: The effect of feeding meals made from fly (Musca domestica L.) pupae and dried algae (Chlorella) was
investigated in adult Japanese quail with respect to their performance. The quails were divided into 6 groups with 28 birds
each (Tab. I). Control group.(I) received basic mash, while groups II to TV received mash where a third, two thirds and all
of fish meal (6%) were replaced by aliquot proportions of fly pupa meal. In groups V and VI meal from dried algae replaced
2% and 4% of soybean meal. Tab. II shows the formulation of basic mash. Tab. III indicates the content of basic nutrients
in fly pupae and algae. The trial lasted 17 weeks (from 27 to 44 weeks of age). Tabs. IV and V show the achieved indicators
of performance and egg quality. Fly pupae meal replaced up to two thirds of dietary fish meal without any negative effect
on egg production and weight (P > 0.05). Replacement of all fish meal resulted in retardation of egg laying and egg mass
(P < 0.05). A decrease in average egg weight (by 4.8%) was insignificant. The average weight of analyzed eggs corresponded
to the total weight of produced eggs. A decrease in egg weight after replacement of all fish meal was due to the lower weight
and lower portion of albumen (P < 0.01). The yolk portion was significantly higher beginning the feeding of 4% content of
pupae (P < 0.01). Pupae feeding increased egg shape index (P < 0.01), albumen index did not change. The yolk color was
more intensive after replacement of all fish meal (P < 0.01). There was no significant difference in absolute feed intake when
the fly pupae were fed. Feed conversion was worse by 6.8 to 10.5%, and the difference was significant only after replacement
of a third of and all fish meal (P < 0.05). The highest live weight at the end of the trial was recorded in the quails of group
II1.M-4 (P < 0.05). The other groups did not show any significant differences. There were not any larger differences in quail
mortality. The increasing percentage of algae in feed mash decreased egg production (the difference was significant only at
a 4% replacement - P < 0.05), without any negative effect on their average weight. Algae feeding (4%) reduced albumen
weight and yolk portion and egg shape index (P < 0.01). The largest differences were recorded for the intensity of egg yolk
color when the rising percentage of algae proportionally increased the intensity of its color by 76.4% and 101.8% (P < 0.01).
Feed intake per quail did not change to a greater extent while there was a trend of worse feed conversion by 2.0% and 3.7%
(P > 0.05). The live weight and mortality of quail remained practically unchanged after algae feeding. It can be concluded
that the meal from fly pupae can be fed as an aliquot two-third replacement of fish meal (4%) and the algae meal as
a replacement of soybean meal (4%) in feed mashes to adult Japanese quail without any negative impacts on their pcrfor'-
mance.

Japanese quail; feeding; fly pupae; algae; egg production and quality; feed intake; live weight

ABSTRAKT: Na 27tyZdiiovych prepeliciach sa poas 17 tyZdiiov znasky skimal u¢inok skrmovania micky z musich kukiel,
ako alikvotnej tretinovej, dvojtretinovej a celej nahrady rybacej micky, a suSenych rias (Chlorella) namiesto 2 % a 4 %
séjového extrahovaného $rotu v kimnych zmesiach. Mii¢ka z kukiel zniZovala zn43ku a hmotnost vajec a zhorSovala konver-
ziu krmiva aZ pri plnej nihrade rybacej micky (P < 0,05). TaktieZ sa zniZila hmotnost a podiel bielka a zvy3il sa podiel
a farba %Itka a index tvaru vajca (P < 0,01). Nahrada 4 % s6jového extrahovaného rotu riasami zniZovala preukazne znasku
vajec (P < 0,05), pri zniZenej hmotnosti bielka a zvy3eni podielu #ltka a jeho sfarbenia a indexu tvaru vajca (P < 0,01). Pri
2% néhrade nebol v iZitkovosti rozdiel.

japonska prepelica; kfmenie; musie kukly; riasy; znaSka a kvalita vajec; spotreba krmiva; Zivd hmotnost

UvVoD uZitim japonskych prepelic ako producentov Zivocis-
nych bielkovin pre huméannu vyZivu (Boda et al,

Pri vyskume zaradenia heterotrofnych organizmov  1991). V sivislosti s ich chovom vznika problém od-
do uzavretého ekologického systému sa uvaZuje s vy- padov (exkrementov) a ich dalSieho vyuZitia. V ramci

ZIVOCISNA VYROBA, 41, 1996 (5): 213-217 213



. Schéma pokusu - Trial layout

— Podiel v kfmnej zmesi? (%)
rybacia mugka® s6jovy extrahovany Srot* musie kukly’ riasy®

LK 6 19 0 -
11L.M-2 4 19 2 -
11L.M-4 2 19 4 =
IV.M-6 0 19 6 -
V.R-2 6 17 - 2
VILR-4 6 15 - 4

lgroup, 2per cent of feed mash, 3fish meal, ‘soybeun meal, sﬂy pupae, 6nlgue

recyklizcie biogénnych latok obsiahnutych v exkre-
mentoch sa okrem ich priameho vyuZitia uvaZuje o ich
vyuZiti na opitovné skrmovanie (Chrappa et al.,
1993), na hnojenie pestovanych rastlin a pod. Do tohto
refazca sa planuje zaradif i spracovanie exkrementov
prostrednictvom lariev muchy domécej (Musca domes-
tica L.), &im sa podstatne zlepSia ich fyzikalne vlast-
nosti (odstranenie zapachu a pod.) (Kozének et al,,
1994). Si v3ak i zdrojom vyroby Zivo&i¥nych bielko-
vin — musich lariev a kukiel, ktoré moZno vyuZit vo
vyZive tuZitkovych vtikov. Ich vyZivnou hodnotou sa
zaoberali viaceri autori (Teotia, Miller, 1974,
StraZznicka4, 1984 aini). Chrappa et al. (1990)
uspeSne skrmovali mic¢ku z muSich kukiel a lariev
u brojlerovych kuréiat.

Predpoklada sa, e exkrementy prepelic bude mo¥né

vyuZit tieZ ako Zivni pddu pre pestovanie rias. MoZ-
nostou skrmovania rias u GZitkovych vtikov sa zaobe-
rali viaceri autori (Combs, 1952; Ko é&i etal., 1964;
Lipstein, Hurwitz, 1980 a ini). Chrappa et
al. (1989) v dvoch pokusoch podévali brojlerovym kur-
¢atdm micku zo sulenych rias rodu Chlorella aZ do
vy$ky 4 % v kimnej zmesi bez negativneho ovplyvne-
nia ich dZitkovosti. Skrmovanie rias vo vysokom po-
diele v kimnej zmesi (25 %) u japonskych prepelic po-
&as znalky vplyvalo negativne na ich uZitkovost
(Sabo et al., 1990).

Cielom préce bolo zistit moZnost skrmovania micky
vyrobenej z musich kukiel ako alikvotni ndhradu ryba-
cej micky a suSenych rias (Chlorella) namiesto séjo-
vého extrahovaného Srotu v kfmnych zmesiach u ja-
ponskych prepelic v obdobi znasky.

MATERIAL A METODA

Japonské prepelice vo veku 27 tyZdiiov sa na zakla-
de predchidzajicej znaSky rozdelili rovhomerne do
Siestich skupin po 28 kusoch (12. VI. 1995). Prepelice
boli umiestnené individuélne v zna¥kovych klietkach.
Skupina I (kontrolna) bola kfmena z4kladnou zmesou,
v skupinach II aZ IV bola tretina, dve tretiny a celé
mnoZstvo rybacej mucky v kfmnej zmesi nahradené
alikvotnym podielom mii¢ky z musich kukiel, v skupi-
néch V a VI mi¢ka zo suSenych rias (Chlorella) nahra-
dila 2 % a 4 % s6jového extrahovaného Srotu (tab. I).
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1I. ZloZenie zdkladnej kfmnej zmesi — Formulation of basic feed
mash

Komponent! %
Rybacia mii¥ka? 6,0
Séjovy extrahovany 3rot® 19,0
Torula? 2,0
Kukurica® 40,0
Pienica® 22,7
Olej (rastlinny)’ 3,0
Sor® 03
Dikalciumfosfat’ 1,0
MKP-2 1,0
Kfmny vapcmln 40
DB:-NP 1,0
Spolu'! 100,0
Obsah'2 (g/kg):

ME (MJ/kg) . 12,05
N-latky'? (N x 6,25) 200,0
Voda'4 106,6
Tuk!$ 554
Popol'6 96,7
Vlsknina!” 37.5
BNLV!# 503,6
Vipnik'? 25,1
Fosfor?® 8,5

Minerdlna kfmna prisada MKP-2: siran Zeleznaty 800 mg, siran
mednaty 300 mg, kysliénik zino&naty 2 200 mg, uhlititan manganaty
5 500 mg, jodid draselny 50 mg, siran kobaltnaty 1 mg, sadra 10 g
Doplnok biofaktorov NP: vitaminy — A 20 000 m.j., D3 2 000 m,j.,
K 2 mg, E 30 mg, B, 2 mg, B, 7 mg, B4 4 mg, B}, 0,04 mg, niacin
15 mg, biotin 0,15 mg, kyselina listovd 0,50 mg, pantotenét vapenaty
12 mg, cholin-chlorid 600 mg, metionin 600 mg, kurasan 125 mg,
uhligitan manganaty 20 mg

Mineral feed supplement MKP-2: iron sulfate 800 mg, copper sulfate
300 mg, zinc oxide 2,200 mg, manganese carbonate 5,500 mg, po-
tassium iodide 50 mg, cobalt sulfate | mg, plaster 10 g

Biofactor supplement NP: vitamins — A 20,000 i.u., Dy 2,000 i.u.,, K
2 mg, E 30 mg, B, 2 mg, B, 7 mg, B; 4 mg, B, 0.04 mg, niacin
15 mg, biotin 0.15 mg, folic acid 0.50 mg, calcium pantothenate 12
mg, choline chloride 600 mg, methionine 600 mg, curasan 125 mg,
manganese carbonate 20 mg

lingrcdicnt. %fish meal, 3soylm\n meal, “torula, *corn, Swheat,
7(vegetable) oil, ®salt, ®dicalcium phosphate, fodder limestone,

total, content of, crude protein, “water, 'Sfat, "ash, 'fiber,
18 . free extract. Pcalcium, 2°phosphorus
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III. Obsah zdkladnych Zivin — The content of basic nutrients

Obsah' (%) Mugic kukly!'* | Riasy'? (Chlorella)™
Sugina? 95,9 93,5
Voda® 4,1 6,5
N-ldtky* (N x 6,25) 50,9 48,1
Tuk® 14,0 14,2
Popol® 10,8 8,1
Vldknina’ 12,8 8,5
BNLV? 7.4 14,6
Vipnik? 2,0 0.3
Fosfor!" 1,6 1.5

* VUK Ivanka pri Dunaji, ** MBU AV CR Treboii
!content, zdry matter, *water, ‘crude protein, Stat, bash, "fiber, *ni-

trogen-free extract, %calcium, "'phosphorus. ”ﬂy pupae, 'zalgu

ZloZenie zédkladnej kimnej zmesi (kontrola) je uve-
dené v tab. II, obsah zdkladnych Zivin v muSich ku-
klach a riasach je uvedeny v tab. IIl. Kfmne zmesi sa
skrmovali v sypkom stave ad libitum.

V priebehu pokusu (17 tyZdiiov) sa sledovala (indi-
viduélne): zna¥ka, hmotnost a kvalita vajec, spotreba
krmiva, Zivd hmotnost a mortalita prepelic.

IV. Utitkovost prepelic — Japanese quail performance

VYSLEDKY A DISKUSIA

Zakladné parametre GZitkovosti si uvedené v tab. IV.

Miicka z musich kukiel

I pri pomerne vysokej intenzite znasky (90-93 %)
mii¢ka z musich kukiel nahradila aZ dve tretiny rybacej
muicky v kimnej zmesi bez negativneho ovplyvnenia
zna¥ky a hmotnosti vajec (P > 0,05). Uplna ndhrada
rybacej micky uZ spdsobila retardiciu zna¥ky vajec
a vaje¢nej hmoty (P < 0,05). ZniZenie hmotnosti vajca
(0 4,8 %) bolo len nepreukazné.

Vysledky analyzy priemerov troch vzoriek vajec po
50 ks v skupine st uvedené v tab. V. Priemerna hmot-
nost analyzovanych vajec zodpovedala celkovej hmot-
nosti znesenych vajec. ZniZenie hmotnosti vajca pri
dplnej ndhrade rybacej mi¢ky bolo najmi v ddsledku
niZ$ej hmotnosti a podielu bielka (P < 0,01). Podiel
#ltka bol signifikantne zvySeny uZ od hladiny 4 % ku-
kiel (P < 0,01). Pri skrmovani kukiel sa zvy$il index
tvaru vajca, t.j. vajcia boli pretiahnutejSie (P < 0,01).
Index bielka nebol ovplyvneny. Pri iiplnej ndhrade boli
zaznamenané vy3Sie hodnoty intenzity sfarbenia Zltka
(P <0,01).

Ukazovatel e
1K ILM-2 L.M-4 IV.M-6 V.R-2 VLR-4
Znéka vajec? ks 110,4* 107,3* 10,7 104,52° 109,1% 106,1°
S.D. 1,2 1,7 13 1,9 1,4 1,6
i 100,0 97,2 97,6 94,7 98,8 96,1
% 92,8 90,2 90,5 87,8 917 89,2
g 1164* 1 1152* 1 040° 1 144" 1 108"
S.D. 17,2 239 21,3 20,0 187 22,6
i 100,0 96,0 99,0 89,3 98,3 95,2
Hmotnost vajca?® g 10,5° 104 10,7* 10,08 10,5 104"
S.D. 0,1 01 0,2 0,1 0,1 0,1
i 100,0 99,0 101,9 95,2 100,0 99,0
Krmivo®:
—nal ks g 3270° 3 440° 3 464 3 196 3270° 3211°
S.D. 72,5 112,7 1189 50,8 105,1 78,4
i 100,0 105,4 105,9 97,7 100,0 98,2
— na | kg vajec’ g 2814° 3 109 3004* 3004° 2 870° 2917°
S.D. 59.4 102,5 81,7 62,9 94,7 78.1
i 100,0 110,5 106,8 110,0 102,0 103,7
Ziva hmotnost® g 164,9* 167,4 175,8 167,3* 171,3* 167.4*
S.D. 25 35 32 23 2,7 29
i 100,0 101,5 106,6 101,5 103,9 101,5
Mortalita® % 36 7.2 36 3,6 0,0 3.6
Nerovnaké pismena: malé — P < 0,05, velké — P < 0,01 (krmivo s kontrolou)
Uneven letters: small - P < 0.05, capital - P < 0.01 (feed check)
'group. 2c:gg production, *number, ‘egg weight, Sfeed, ﬁpcr bird, 7pcr 1 kg eggs, Hlive weight, 9mortality
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V. Analyza vajec — Egg analysis

Ukazovatel Skiphi?
LK ILM-2 LM-4 IV.M-6 V.R-2 VIR-4
Hmotnost vajca® g 10,5 103" 106* 10,0° 10,5° 10,4
i 100,0 98,1 101,0 95,2 100,0 99,0
Z toho®: bielok? g 5,9% 584 5,8% 5,48 5,8 5.6°
i 100,0 98,3 98,3 91,5 98,3 94,9
#tok® g 3,2 3,14 3.4 3,24 3,3 3,3
i 100,0 96,9 106,3 100,0 103,1 103,1
$krupina® g 14" 14" 1.4° 14" 1.4* 1,5
i 100,0 100,0 100,0 100,0 100,0 107,1
Podiel”:  bielok® % s5,7% 56,4* 55,5% 54,2% 55,5% 54,2
i 100,0 101,3 99,6 97.3 99,6 97,3
#ltok’ % 30,7 303" 31,78 31,8° 31,1° 32,18
i 100,0 98,7 103,3 103,6 101,3 104,6
$krupina® % 136" 13,2 12,8* 14,0 13,4* 13,7*
i 100,0 97,1 94,1 102,9 98,5 100,7
Index tvaru® 75,2% 77,18 76,7° 77,28 77,48 76,5"
i 100,0 102,5 102,0 102,7 102,9 101,7
Index bielka® 12,26 12,90° 12,25 12,23 12,12° 12,78*
i 100,0 1052 99,0 99,8 98,9 104,2
Farba #ltka'" 5,420 5,56 567" 6,38% 9,56° 10,94€
i 100,0 102,6 104,6 117,7 174,6 201,8

Nerovnaké pismena: malé — P < 0,05, velké — P < 0,01 (porovnanie s kontrolou v ramci druhu krmiva)
Uneven letters: small — P < 0.05, capital — P < 0.01 (comparison with control for a feed kind)

'group. 2egg weight, %of that, *albumen, ’yolk, Sshell, 7pcr cent, ‘shnpe index, *albumen index, wyolk color

V absolitnej spotrebe krmiva nebol signifikantny
rozdiel. Pri skrmovani kukiel bola konverzia krmiva
horsia o 6,8 aZ 10,5 %, pri¢om rozdiel bol signifikant-
ny len pri tretinovej a plnej ndhrade (P < 0,05). HorSie
vyuZitie krmiva v skupine I1.M-2 moZno vysvetlit ias-
toéne zvySenym prijmom krmiva.

NajvysSiu Zivii hmotnost na konci pokusu mali pre-
pelice skupiny IILM-4 (P < 0,05). U ostatnych skupin
nebol v Zivej hmotnosti signifikantny rozdiel.

Ani v mortalite prepelic nebol vyraznej$i rozdiel,
pretoZe zvySenie mortality o 3,6 % predstavuje Ghyn
jednej prepelice.

Su3ené riasy (Chlorella)

ZvySovanim podielu rias v kfmnej zmesi sa zniZo-
vala zn4ska vajec, pri¢om rozdiel bol signifikantny aZ
pri 4% podiele (P < 0,05), bez ovplyvnenia ich prie-
mernej hmotnosti.

Pri skrmovani rias (4 %) sa zniZila hmotnost bielka
a zvygil sa podiel Z[tka a index tvaru vajca (P < 0,01).
NajvyraznejSie rozdiely sa zaznamenali pri intenzite
sfarbenia %Itka vajec, ked zvySovanim podielu rias sa
timerne zvySovala intenzita jeho sfarbenia o 76,4 %
a 101,8 % (P < 0,01).
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Spotreba krmiva na prepelicu sa vyraznej$ie nezme-
nila, pri tendencii zhor§ovania jeho vyufZitia (0 2,0 %
a 3,7 %). Rozdiely viak boli nesignifikantné.

Ziva hmotnost a mortalita prepelic neboli skrmova-
nim rias signifikantne ovplyvnené.
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PRESENCE AND DISTRIBUTION OF THE NEMATODE
ANGUILLICOLA CRASSUS IN THE EUROPEAN EEL
IN THE MORAVA RIVER DRAINAGE BASIN,

CZECH REPUBLIC

PREZENCE A DISTRIBUCE HLISTICE ANGUILLICOLA CRASSUS
U UHORE RICNIHO V POVODI REKY MORAVY

V. Barus, K. Halacka, M. Prokes$

Institute of Landscape Ecology, Academy of Sciences of the Czech Republic, Brno, Czech
Republic

ABSTRACT: Parasitological estimations were performed in 112 specimens of European eel from 26 localities, 24 of which
belong to the Morava River drainage basin. Infection of these hosts by the nematode Anguillicola crassus was found in the
prevalence of 39.1% and invasion intensity of 1-36 (mean 5.14) nematodes in one positive host. As to the hydrological type
of localities, infection of eel by the swimbladder nematode was found in 4 impounded reservoirs, 3 riverine fishing grounds
and 3 closed reservoirs without inlets and outlets. Infection prevalence in these localities was in the range of 40-100%. Eel
mortality due to A. crassus infection was found in one dam reservoir in 1994, and in 1995 in two closed sand pit reservoirs
of a smaller area. Positive dependence of the prevalence value on the total body length of eel was found. Therefore, the
minimum sample size for ascertaining the A. crassus infection in eels of the total length 60-80 cm from one locality was
estimated to be ca 7-8 specimens. In the Morava River drainage basin, the initiation resource of spreading infection by the
swimbladder nematode A. crassus has resulted exclusively from releases of eel stocks (elvers) infected by this parasite. The
results document that the swimbladder nematode A. crassus has fully naturalized in the Morava River drainage areas within
a very short time (4-5 years).

Anguillicola crassus; infections; eels; Morava River drainage basin; Czech Republic

ABSTRAKT: V letech 1993-1995 bylo parazitologicky vySetfeno na invazi specifického parazita plynového méchyfe, hlistici
krevnatku Ghofi (Anguillicola crassus), celkem 112 jedincl Ghofe fi&niho (Anguilla anguilla). Ze 26 lokalit piivodu vy3etie-
nych dhotu pfislusi 24 lokalit do povodi Moravy. Z celého souboru byly k dispozici ddaje o celkové délce (TL) u 105 jedinci,
jejiz rozmezi bylo 26,5 aZ 120,0 cm. Nejvy33i pofetnost méli jedinci o TL 60 aZ 90 cm. Invaze hlistice A. crassus byla zji$téna
u thoft o TL 40 cm a vy3¥i. Prevalence invaze byla 39,1 %, intenzita invaze 1 aZ 36 (primér 5,14) hlistic v jednom
pozitivnim hostiteli. Invaze jsou hodnoceny jako celoro¢ni. Podle hydrologického typu lokalit byla invaze A. crassus zji§téna
ve &tyfech pfehradnich nddrZich (rybéfské reviry Svratka 5, Hloudela 1, Dyje 15, Kyjovka 4), s prevalenci invaze 40 aZ
100 %; z fi¢nich biotopii ve tfech rybafskych revirech (Dyje 3, Kyjovka 1 a 2), s prevalenci 45 a% 100%; z neprito&nych
uzavfenych nadrZi ve tfech revirech (Morava 9A, Dyje 4A, Be&va Chropyiisk4 1A), s prevalenci 100 %. Uhyn tihofe fi&niho
na anguillikolézu byl pritkazn& zji§tén v jedné pfehradni nadr¥i v roce 1994 (Vranovski UN) a dvou uzavfenych nidrZich
o malé ploSe v roce 1995 (rybaiské reviry Morava 9A a Betva Chropyiiskd 1A). Ze srovnéani hodnot prevalence invaze ve
vztahu k TL hostitell bylo moZné odhadnout hodnotu minimélniho vzorku pro vy3etieni na invazi A. crassus, tj. 7 az 8 Ghotl
o TL 60 aZ 80 cm z jedné lokality. Vysledky dokumentuji, Ze tento velmi patogenni a specificky parazit plynového m&chyfe
dhofe Figniho je jiZ v povodi Moravy pIné naturalizovan.

Anguillicola crassus; invaze; Ghof fi¢ni; povodi Moravy; Ceska republika

INTRODUCTION schewski et al. (1987), Belpaire et al. (1989)
and Moravec (1994). In the Czech Republic, the

The spreading mechanism of the swimbladder nema- first finding of this nematode in 1991 in eels from the
tode Anguillicola crassus Kuwahara, Niimi et Itagaki, Elbe River near Hiensko was published by Mora-
1974 in the European eel (Anguilla anguilla L.) and its  vec (1992). This finding can be given into connection
distribution in Europe were analysed by Tara- with a wide distribution of A. crassus in Germany
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within the River Elbe, Weser and Rhine system during
the recent years (Neuman, 1985; Peters, Hart-
man, 1986; Taraschewski et al., 1987).

The evident high pathogenicity of this nematode
(Banning, Haenen, 1990) causes the mass mor-
tality of eel in extreme cases. These cases from the
Balaton Lake (Hungary) in 1991 and 1992 were de-
scribed and documented in detail by Molnar et al.
(1991, 1993, 1994) and Biro6 (1992). Within the
Morava River system, the first finding and description
of eel mortality due to infection by this parasite in the
Vranov Reservoir (Southern Moravia) in 1994 were
published by Barus§ (1994, 1995a, b).

With respect to the swimbladder nematode A. cras-
sus is not only a new element in the helminth fauna of
eel in the Morava River drainage basin, but in particu-
lar with respect to the epidemiological importance of
this parasite, we paid attention to its actual occurrence
and distribution in selected fishing grounds of the
Moravian Anglers Union (MAU) in Brno and in several
other localities. In the present study, the results of this
parasitological and ichthyological monitoring are re-
ported.

MATERIALS AND METHODS

In 1993-1995, in total 112 eel specimens were exa-
mined parasitologically for potential infection by the
swimbladder nematode A. crassus. Out of this number,
100 specimens were from the localities within the
Morava River drainage basin, 10 specimens were from
two localities of an upstream Elbe River tributary (fish-
ing grounds of MAU) and 2 eels were caught in two
localities of the Elbe River near Hfensko (fishing
grounds of the Czech Anglers Union in Prague). These
2 latter specimens are not included in the analysis. Dis-
sections of definitive hosts, and fixation and determi-
nation of parasites were performed according to
Moravec (1994). The data of the total length (TL)
were available only from 105 eels from the fishing
ground of MAU and from other localities in the Morava
River drainage basin. In this group, we assessed the
size characteristics of hosts and the prevalence relation
values of A. crassus. In the whole set of 110 specimens
examined, infection intensity was also evaluated be-
sides prevalence values. We mention that, in our case,
infection intensity means only the number of the swim-
bladder nematode specimens of the body length greater

than 3 mm. The number of A. crassus nematode larvae
was not assessed.

The eel material for examinations was submitted to
us by managers or members of the local units of MAU;
a smaller number of eel specimens was obtained during
ichthyological investigations carried out by the ichthyo-
logists of the Institute of Landscape Ecology AS CR.

RESULTS

Size characterization of eel and A. crassus infection
parameters

The set of 105 eels assessed had the TL range of
26.5-120.0 cm. Significant differences in the length
range and mean values of TL were found between the
ground of parasitized and non-parasitized eels (Tab. I).
With the highest frequency in the set, the parasitized
eels of TL ranging 60-90 cm occurred (Fig. 1). Infec-
tion by the swimbladder nematode was found only in
specimens in which TL was 40 cm and more.

Among the parasitologically examined 110 eels
from the fishing grounds of MAU and from other lo-
calities from the Morava River drainage basin, infec-
tion by the swimbladder nematode A. crassus was
found in 43 specimens, i.e. with 39.1% prevalence. In
this set, 23 specimens (i.e. 53.5%) died surely due to
A. crassus infection. Infection intensity had a wide
range of nematodes (1-36, mean 5.14) in one host in-
fected. As to the relation of prevalence values to the
length groups of hosts (n = 105), a rising tendency of
both these parameters was found (Fig. 2). At the locali-
ties, the range’ of prevalence was 0-100%; at localities
with A. crassus infection proved, it was 40-100%.
Even though we did not assess seasonal dynamics of
A. crassus infection for individual months (due to the
small number of ecls examined), we state that adult
nematode specimens were found in the swimbladder of
eels during the whole year (no material was available
from January, May and July).

Distribution of the swimbladder nematode A. crassus

In total, the eels from 26 localities were examined
parasitologically, out of which 24 localities belong to
the Morava River drainage basin, and only 2 localities
(No. 23, Cikhajsky Creek 1 — StrZ Reservoir; No. 24

I. Fundamental size characterization of the eel (Anguilla anguilla) material examined for occurrence of parasitic infection by the nematode

Anguillicola crassus

TL (cm)
Character n Yo
range mean S.D.
1. Eels in total 26.5-120.0 66.35 17.49 105 100.00
2. Eels non-parasitized 26.5-100.0 62.75 17.42 62 59.05
3. Eels parasitized 43.0-120.0 71.53 16.43 43 40.95
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1. Length-frequency distribution of uninfected (open
columns) and infected (solid columns) eels (Anguilla
anguilla) used in the present study
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2. Relation between the total length of infected eels
(TL in cm) and the prevalence values of A. crassus
invasion (in %)
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Séazava River 19 — Pilsk4 Reservoir) belong to the Elbe
River drainage basin (both these fishing grounds mana-
ged by MAU). For a correct identification of all other
localities, we use their names in the nominative form
as used for fishing grounds in the corresponding maps
from 1991. The distribution of all localities with desig-
nations of negative and positive findings of A. crassus
infection is presented in Fig. 3.

We analysed the presence of eel infections by the
swimbladder nematode with respect to the type of cha-
racteristic aquatic ecosystems. From the total number
of localities, 9 impounded reservoirs were on the rivers,
from which we had 69 specimens of eel for examina-
tions. Infection by A. crassus nematode was found in 4
reservoirs (Nos. 14, 17, 19, 26) with infection preva-
lence ranging between 40-100%. Eel mortality due to
A. crassus infection was found only in 1 reservoir
(No. 26) in 1994.

From the habitat group of riverine stream or open
flowing arm types, we examined 23 eel specimens from
8 localities. A. crassus infection was found only in
3 localities (Nos. 4, 5, 6) with the prevalence values
ranging 45-100%. In these localities, eel mortality due
to A. crassus infection was not recorded.

The last habitat group studied was reservoirs with-
out inlets and outlets, isolated permanently from the
river flow (e.g. separated and isolated riverine arms,
and, mainly, sand pit reservoirs). In total, 20 eel speci-
mens from 9 habitats were available to us. A. crassus
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infection was found in 3 habitats (Nos. 9, 11, 15) with
100% prevalence. In 1 habitat of this type, we presume
infection after elver stockings in 1991 and 1992 accord-
ing to the course of mortality (see Discussion). In
above 3 localities, infection was proved by parasi-
tological examinations when the eel kill due to anguil-
licolosis was found in 2 localities (Nos. 11 and 15) in
1995.

The finding of eel infections by the swimbladder
nematode (Fig. 3) in impounded reservoirs on the Dyje,

.Svratka, Hloudela and Kyjovka Rivers is of serious

importance for further spreading of the parasite into
downstream parts of these rivers (see localities Nos. 4,
5, 6). Infection cannot spread naturally from closed
reservoirs without inlets and outlets into other habitats.
A serious endangerment, of course, is represented by
small bait fish captured in these habitats, their transport
and use for angling of carnivorous fish in the localities
not infected hitherto by anguillicolosis. Namely, the
problem is here that small bait fish as paratenic hosts
of A. crassus invasive larvae (L3) can accumulate and
maintain infection for a long time.

DISCUSSION
When Belpaire et al. (1989) assessed A. crassus

distribution in Europe, the Czech Republic was among
a few European countries with negative data on the
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3. Map of the localities investigated (solid rings = localities with infected eels by A. crassus; open nngs = uninfected eels). In the localities
with a posmve finding of the swnmblndder nematode A. crasm the following values are given in brackets: in - ber of eels
examined; in d i - ber of i d eels; i i lence in %; area of the fishing ground in ha

Loc. 1 — Morava 1; 2 — Kyjovka 1; 3 — Morava 2; 4 — Kyjovka 1 and 2 (1/1, 100%, 15 ha); 5 — Dyje 3, draining arm (3/3, 100%, 45 ha);
6 — Dyje, main stream (11/5, 45.5%, 45 ha); 7 - Kyjovka 2A; 8 — Morava 4A; 9 - Dyje 4A (4/4, 100%, 17 ha); 10 - Morava 8A; 11 -
Morava 9A (5/5, 100% 7 ha); 12 — Morava 10A; 13 — Morava 11A (infection presumed, according to the eel mortality recorded in 1991
and 1992 - see the chapter Discussion); 14 - Kyjovka 4 (4/3, 75%, 35 ha); 15 — Be&va Chropyiiskd 1A (infecti ded ding to the
eel mortality in 1995, confirmed parasitologically, 6.5 ha); 16 — Rusava 2A; 17 — Hlougela 1 (5/2, 40%, 42 ha); 18 - LiSeiiska Ritka 2; 19 —
Svratka 5 (4/2, 50%, 272 ha); 20 - Jihlava 5B; 21 - Sdzava 19; 22 ~ Oslava 7; 23 - Cikhdjsky Creek 1; 24 — Sdzava 19; 25 - Jihlava 14;

26 - Dyje 15 (18/18, 100%, 450 ha)

presence of this parasite. But as early as in 1991, infec-
tion by the swimbladder nematode in European eel in
the Elbe River near Hiensko was found (Moravec,
1992). The persistence of infection in this locality is
confirmed by our finding of the swimbladder nematode
A. crassus in 2 eels (TL 50 and 60 cm) in 1995, with
intensity of 1 and 14 nematodes in the hosts. The mass
mortality of eel due to A. crassus infection in the Vra-
nov Reservoir in 1994 was described by Barug
(1994, 1995a, b). The course and factors of eel mass
kill due to anguillicolosis, which is an extraordinary
and extreme phenomenon in this parasite-host system,
are wholly coincident in our case with the data and
analyses of a previous mass kill of eels in the Balaton
Lake in 1991 and 1992 reported by Molnar et al.
(1991, 1993, 1994) and Biré (1992). In severe patho-
logical changes of the swimbladder and adjacent tissue
due to natural and repeated A. crassus infection (Ban -
ning, Haenen, 1990), the major factor supporting
the mortality is high abundance of eel in a closed re-
servoir and extreme high water temperatures in July
and August. Wholly coincident with this are also two
other eel kills observed by us in closed sand pit reser-
voirs (localities Nos. 11 and 15) with a high population
density of this fish species.

The finding of adult A. crassus specimens in the
swimbladder of eel throughout the year, documented
by us, is confirmed by the data of Molnér et al.
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(1994) on persistence of these infections. These authors
also demonstrated marked differences in the prevalence
and intensity of infection between different areas of the
Balaton Lake. Eel does not feed in the winter period.
Under more severe climatic conditions, the feeding is
stopped as early as in September after the first frosty
days and after the water temperature drops below
10 °C; eel begins feeding again only in April (Sinha,
Jones, 1967, 1975). Consequently, new A. crassus
infections are confined to the warmer months of the
year (Kennedy, Fitch, 1990) and eel mass kills
are confined only to the months July and August
(Molndr et al, 1991, 1993, 1994; Bir6, 1992;
Barug, 1994, 1995a, b).

According to Peters and Hartmann (1986),
A. crassus infestation rose along with the increasing
body length of eels to 40 cm , and then, it again de-
creased. Our results show the opposite tendency. We
recorded the first infections in eels (mainly by adult
A. crassus) up to their length of 40 cm (and at this TL
also their death). Thereafter, the prevalence values of
the swimbladder nematode increased along with the
increasing fish body length (Fig. 2). Infection of
smaller eels by the swimbladder nematode in our water
bodies, of course, is documented by the data of Cer-
vinka (in litt. 7. 9. 1995) who found infection by
A. crassus larvae in the swimbladder of an eel (TL 28 cm)
from the Vranov Reservoir, caught on 31. 8. 1995.
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According to Banning and Haenen (1990), eel
can be infected very soon after immigration of elvers
into fresh water and the nematode may reach the adult
phase in such small eels, adapting their size to the re-
stricted lumen of the small swimbladder. This know-
ledge is of great importance from epidemiological view
in the analysis of A. crassus infection spreading in in-
land streams and reservoirs, into which elvers cannot
immigrate for hydrotechnical or other reasons.

Initial importation of the parasite A. crassus in
Europe has been the consequence of trade activities by
man. In some cases, restocking activities without any
sanitary control enhanced the spreading of the disease
(Belpaire etal., 1989). Import of elvers infected by
A. crassus and release of them were undoubtedly the
primary source of this parasite spreading in the Morava
River drainage basin and in the most of the CR terri-
tory.

In 1990-1994, importations of elvers into the CR
were realized regularly. From an epidemiological view,
the import of young eels (TL 12 cm and more), realized
from Italy on 19. 4. 1991, appears to be of great im-
portance. These eels were released into selected fishing
grounds of MAU, and a part of them also in the South
Bohemia region. Immediately after release into 5 closed
localities (in 1991), the kill of these young eels was
observed in the locality Némecké (No. 13; 11 ha), next
year (1992) in 2 localities in the same fishing ground
(Pénné — 10 ha; Stard Morava — 8 ha); in all cases
always in July and August. In the following years, no
mortality was observed in these localities. The manager
of the local organisation of MAU Napajedla, Mr. Forst
(personal communication, September 1992), described
in detail conspicuous abnormal behaviour of eels be-
fore death, and pathological changes which are coinci-
dent with anguillicolosis symptoms during the mass
kill of eel in the Vranov Reservoir in 1994 described
by us (Baru§, 1994, 1995a). The above first cases of
eel kills (1991, 1992), however, were not documented
parasitologically.

The analysis of A. crassus infection prevalence in
eel with regard to the habitat type showed a slightly
increasing tendency in values, as ordered from the ha-
bitat type of impounded reservoirs to rivers and closed
reservoirs mostly of a smaller area (36.2%, 39.1%,
45.0%, resp.). In any respect, of course, the infection
prevalence values in individual localities (habitat
types) are considerably high and in the range of in-
creasing tendency (40-100%, 45.5-100%, only 100%,
resp.). For further monitoring of A. crassus infection
occurrence in the Morava River drainage basin, the
knowledge of the high prevalence values (over 50%) in
the eels of TL 60-80 cm length groups is of concern.
We can assume in this connection that 7-8 eel speci-
mens in a sample from a locality of above TL (60~
80 cm) could be sufficient for parasitological examina-
tions and for the identification of A. crassus infection.

The high population density is an important factor
in relation to the rise of eel mortality due to A. crassus
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nematode infection (Molndr etal., 1991, 1993, 1994;
Bir6 1992). This is also confirmed by our results
when we recorded one mass kill of eel due to anguilli-
colosis in one reservoir out of the nine under study,
none from 8 riverine habitats and 2 or 3 out of the nine
closed reservoirs mostly of smaller areas.

Concluding we state that our results confirm unam-
biguously that the swimbladder nematode of eels,
A. crassus, is a parasitic species already fully natura-
lized in the Morava River drainage basin.
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INFORMACE - STUDIE - SDELENI

RUST A JATECNE VLASTNOSTI JAPONSKYCH KREPELEK

GROWTH AND CARCASS TRAITS OF JAPANESE QUAIL

H. KniZetova

Research Institute of Animal Production, Praha-UhFinéves, Czech Republic

ABSTRACT: Japanese quail (Coturnix japonica) is a pilot animal subject for long-term selection experiments aimed at
improvement of performance traits in the fowl, particularly due to its short generation interval and small requirements for
housing space. When analyzing the analogies with the other fowl species, opposite sexual dimorphism should be considered
in Japanese quail. The females are heavier at maturity and have less fat than the males. The Japanese quail is not only a very
useful experimental animal, but it is also a commercially important fowl species. It is reared for production of highly dietetic
meat and eggs. Improvement of meat performance in Japanese quail has been achieved by long-term selection for live weight
mostly at the age of 4 weeks, i.e. roughly in the mid-period between the inflection point of the growth curve and sexual
maturity. Slaughter age ranges from 5 to 8 weeks in dependence on the genetic material, feeding and lighting regimes, and
last but not least, on the price relation between feed mix and slaughter product. Heritability for four-week live weight usually
range from 0.3 to 0.5 (Yoshida, Collins, 1967; Marks, 1971, 1985; Nestor et al.,, 1982, 1987, etc.). After
long-term selection for this trait (28 generations) they decrease to 0.10-0.05, remaining without any change then (M arks,
1971, 1989). Heritability values were higher under better environmental conditions (28% vs 20% protein diet). Additional
additive genetic variance can be realized if there is a change in selection environment, which will be expressed by further
genetic gain that could not be achieved in the given environment any longer (M arks, 1989). The heritability for six-week
live weight was 0.4-0.5 in the males, while these values were lower Macha, Becker, 1976) or variable in the females
(=0.21 to +1.48). The causes of this variability were explained by different sexual maturity. Some females were already in
the laying period, others were preparing for the laying period (Sefton, Siegel, 1974). Estimates of genetic parameters
of live weight and carcass traits in 34 days old quails are presented by Toelle et al. (1991). Heritabilities for live weight
and abdominal fat weight were 0.6 and 0.45 while those for the weight of the particular muscular complexes were somewhat
lower, approximately 0.3. Genetic correlations between live weight and carcass traits were positive and medium to high.
Interesting associations involve the positive correlation between live weight and abdominal fat weight (rg = 0.3) and the
negative correlation between abdominal fat and lean meat (rg = -0.2 to —0.9) after adjustment to body weight. Selection for
live weight at 4 weeks of age affected the relative growth rate and feed efficiency (weight gain/feed). The largest differences
between the strains with high (H) and low (L) body weight were determined within the 1st to 2nd week of age, in favor of
the higher values in H strains (Darden, Marks, 1988b; Marks, 1991b, ¢). An analysis of genotype x nutrition
interactions showed that the differences in live weight between the strains H and L were largest in the optimum than in the
higher stressful environment (Darden, Marks, 1988a). A strain x sex interaction was also observed. The females were
heavier than the males only in H strains at the age of 4 weeks (Marks, 1991a). As for the carcass composition, selection
for live weight induced the greatest changes in fat proportion. It was also confirmed in the Japanese quail that the sex with
the lower body weight has the higher fat proportion in general. Adult males have twice to four times more abdominal fat
than the females (M arks, 1990). Carcass yield seemed to be somewhat higher in selected strains than in control population
in the 45-day Japanese quail (69.0 vs 67.7%), and it was significantly higher in the males (71.7%) than in the females (65.9%)
(Caron et al.,, 1990). The interpretation of literary data on hybridization effects should consider the genetic material used
and the environmental conditions, that means the factors that significantly contribute to the size of these effects. That is why
these data are often very different. As for the live weight of quail during their growth, both positive (M arks, 1973; Baik,
Marks, 1993) and negative values (Wyatt et al, 1982; Baik, Marks, 1993; Dédkova et al., 1995) of heterosis
are found (on average -7 to +13%). Heterosis is somewhat higher in tests occured in the stressful than in the optimum
environment. No papers dealing with Japanese quail have been published until now presenting the results that document better
feed conversion by hybrids similarly like it is the case of chicks, but the high negative heterosis has been recorded for fat
deposition (Wyatt etal., 1982; Darden, Marks, 1989): it ranged from —10 to —~38% for the proportion of total lipids
in the quail body, and it made on average 45% in abdominal fat. The maternal effect given by the size of hatching eggs
(Darden, Marks, 1989; Marks, 1993b; Baik, Marks, 1993; Dédkov4 et al., 1995) was diminishing during
growth, even though it persisted until maturity in some experiments (M arks, 1993b). A decrease in the per cent differences
between the reciprocal crosses during their growth is due to the higher relative growth rate in the crosses from small eggs
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(compensatory growth) in the first two weeks after hatching, but the weight gains of reciprocal crosses with the same genetic
potential did not actually differ later on (Marks, 1993a). All commonly used nonlinear growth models were used for
mathematical calculation of growth curve: logistic, Gompertz and Von Bertalanffy functions (Marks, 1987b; Anthony
et al., 1986, 1991) and Richards function (D&€dkova et al., 1995; KniZetova etal, 1995; Hydnkova et al, 1996).
The analysis of different genetic material showed that the choice of the function is strain-specific (Anthony et al., 1986),
and therefore it seems best to use the four-parameter Richards function with the variable position of inflection point. The
average values of the ratio of inflection and asymptotic weight of the strains ranged from 0.366 to 0.408 in the females and
from 0.399 to 0.478 in the males (Hyankova et al.,, 1996). Hence the results suggested that in order to express the overall
growth of the females Gompertz function (y*/A = 0.368) could be reliably used while in the males (earlier growth) none of
the commonly used three-parameter models was applicable (logistic function — y*/A = 0.500). Live weight, sex and dietary
protein level significantly influenced the time position of the inflection point. Selection for high four-week live weight resulted
in a shift of the inflection point of the growth curve to an earlier age, in a larger slope of the linearized form of Gompertz
function and to a substantial increase in the final asymptotic weight. Selection for low four-week body weight was reflected
mainly in the prolongation of growth stages and in the slope of curve in the inflection point while the inflection and asymptotic
weight was not substantially influenced. A shorter self-acceleration stage of growth was observed in the males if compared

with the females, and this also applied to the higher dietary protein levels.

Japanese quail; growth; selection; carcass traits

UvoD

Japonska kiepelka (Coturnix japonica) je vhodnym
modelovym objektem dlouhodobych selek&nich pokusi
zamé&fenych na zlep$eni uZitkovych vlastnosti dribeZe,
zejména pro sviuj kratky generaéni interval (90 aZ
120 dnd, tj. 3 aZ 4 generace za rok) a prostorovou ne-
néroénost chovu (30 aZ 35 dospélych kiepelek na m?),
Ovsem pfi analyze analogie s ostatnimi druhy dribeZe
je nutné u kiepelek uvaZovat opaény pohlavni dimor-
fismus. Samice jsou v dospélosti pfibliZné o 20 % t&Z3i
neZ samci (Wilson et al.,, 1961; Marks, 1978a;
Marks, 1990 aj.).

Avsak japonska kiepelka je nejen vybornym experi-
mentilnim materidlem, ale i hospodé4isky vyznamnym
druhem dribeZe. V fadé zemi, z evropskych zejména
ve Francii, Itlii a Recku, jsou chovany hlavn& pro vy-
soce dietni maso a vejce. Masné kiepelky typu Faraon
byly vySlechtény v USA a na jejich bézi vznikla fada
komerénich linii. ZvySeni masné uZitkovosti japon-
skych kfepelek bylo dosaZeno dlouhodobou selekci na
Zivou hmotnost pfevaZné ve véku &tyf tydnu, prestoZe
pordzkovy vék se pohybuje od péti do osmi tydnd,
v zévislosti na genetickém materidlu, krmném a svétel-
ném reZzimu a v neposledni fadé i na cenové relaci mezi
krmnou smési a jatenym produktem.

Genetické parametry hmotnosti téla a jeho dil¢ich
komponent

Pro€ neni u kiepelek selek&énim kritériem Zivd hmot-
nost v porazkovém véku nebo ve v&ku ponékud nizsim,
tak jako je tomu u ostatnich druhi driibeZe? Diivodem
je rand pohlavni dospélost kiepelek. Pfi svételném re-
Zimu optimélnim pro rychly rist za&inaji n&které sami-
ce snaset vejce jiZ v Sestém tydnu véku. PIné€ vyvinuté
reproduk&ni orgény predstavuji asi 25 % z Zivé hmot-
nosti (Wilson et al., 1961). Je-li selekce provddéna
na vysokou Zivou hmotnost v Sesti tydnech véku
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(Collins et al., 1970; Macha, Becker, 1976)
nebo i pozdé&ji (Caron et al.,, 1990), znamena to, Ze
u samic je providéna selekce na rany sexuélni vyvoj
(velké samice jsou ty, které maji vyvinuty reproduk&ni
organy), zatimco u samci selekce pisobi pfimo na zvy-
Seni hmotnosti jateCného produktu. Zji$t€na nizka se-
lek&ni odpovéd v Sestitydenni hmotnosti téla miZe byt
tedy zplsobena tim, Ze u samci a samic se vlastné se-
lektuje na jiné znaky (Collins etal., 1970). Po deviti
generacich selekce na vysokou Zivou hmotnost v Sesti
tydnech byla realizovana hodnota h? u samci 0,44
a u samic 0,35 (Macha, Becker, 1976). Sefton
a Siegel (1974) zjistili rovnéZ vysokou dédivost
Sestitydenni Zivé hmotnosti u samcu (h? = 0,51 az
0,58), zatimco u samic byly odhady velmi variabilni
(h2 =-0,21 aZ +1,48). Pfi¢iny této variability byly vy-
svétlovany pravé rozdilnou pohlavni dospélosti. N&kte-
ré samice byly jiZ ve snéSce, jiné se na ni teprve pfi-
pravovaly. Hodnoty dédivosti vypoditané na zakladé
regrese matka—dcera byly vyssi neZ u regrese matka—
syn (0,44 vs 0,24) (Chahil, Johnson, 1974).

Caron et al. (1990) pfi selekci na 45denni Zivou
hmotnost zaznamenali, Ze realizovana dédivost pro Zi-
vou hmotnost v Sesti tydnech véku (h2 = 0,13-0,24)
byla niZ8i neZ b&Zné& udavané hodnoty 0,3-0,5 pro Ctyfty-
denni hmotnost téla, kdy kiepelky jesté nejsou pohlav-
né€ dospélé (Yoshida, Collins, 1967; Marks,
1971, 1985; Nestor et al., 1982, 1987). Jednu z pfi-
¢in pomalejsiho genetického pokroku vidi autofi v niz-
ké genetické korelaci mezi Zivou hmotnosti samcu a sa-
mic.

Vyse uvedené divody vedly vétSinu pracovniki za-
byvajicich se genetickymi aspekty rustu japonskych
kiepelek k tomu, Ze ve svych selek&nich experimentech
zvolili jako selekéni kritérium Zivou hmotnost ve &ty-
fech tydnech v&ku. Pro genetické studie jsou vyhod-
nym modelem divergentni linie a jejich kfiZenci, selek-
ce v rizném prostiedi, &i zména prostiedi po dosaZeni
selekéniho stropu.
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Je vieobecné znamo, Ze v pribéhu dlouhodobé se-
lekce se sniZuje genetickd variance, a tudiZ klesaji hod-
noty W2 Napf. Marks (1971, 1989) uvadi hodnoty
realizované dédivosti Etyftydenni Zivé hmotnosti po
6 a 28 generacich selekce na tento znak K = 0,52
a 0,10 u linie P (selektované na 28% proteinové dieté)
ah’= 0,38 a 0,05 u linie T (selektované na 20% prote-
inové dieté obsahujici 0,2 % thiouracilu). Poté se jiZ he-
ritabilita aZ do 70. generace selekce neménila. Hodnoty
dédivosti byly vy38i v lepSich podminkéch prostfedi (linie
P selektovana na krmivu s vy$§im obsahem bilkovin).

Faktory prostfedi ovliviiuji celkovou fenotypovou
varianci znaku a tudiZ i hodnoty heritability. Tuto sku-
teCnost potvrdilii Darden a Marks (1988a) v se-
lek&nich experimentech na vysokou a nizkou &tyi-
tydenni Zivou hmotnost pfi optimélni a stresové
vyZivé. V horSich podminkach byly hodnoty h? nizi
(0,36 a 0,30 pro linii s vysokou a nizkou Zivou hmot-
nosti) neZz v podminkéch lep$ich (0,52 a 0,47).

Bylo prokazéno, Ze pfi zméné selekéniho prostiedi
se muZe realizovat dodate¢na aditivni geneticka varian-
ce, coZ se projevi dal§im genetickym ziskem, kterého
jiZ nemohlo byt dosaZeno ve stdvajicim prostiedi.
Marks (1989) odstépil od linie T ve 27. generaci
selekce linii S (nadale selektovana na 28% proteinové
diet&) a zjistil, Ze mezi 27. a 70. generaci se Ctyityden-
ni Zivd hmotnost u této linie zvySila o 51 %, zatimco
u linie T pouze o 31 %. Hodnoty koeficient dédivosti
u linie S byly 0,14 a 0,12, coZ je dvojnisobek hodnot
K? linie T (0,05 a 0,06).

Odhadovina byla také dédivost pro Zivou hmotnost
ve dvou tydnech véku. Hodnoty n? byly obdobné jako
pro Ctyitydenni Zivou hmotnost (M arks, Lepore,
1968) nebo o néco niz§i M arks, 1971), coZ je logic-
ké, nebot korelace mezi Zivou hmotnosti ve dvou a &ty-
fech tydnech véku je vysoka (r = 0,76-0,83; Dar-
den, Marks, 1988a).

Nezbytnym piedpokladem pro selekci zamé&fenou na
zlepSeni jateEného sloZeni téla je znalost hodnot dédi-
vosti jednotlivych dil¢ich komponent a jejich vzajem-

nych genetickych asociaci. Odhadem genetickych para-
metrd Zivé hmotnosti, hmotnosti opracovaného trupu
i soustav a organu ve 34 dnech véku se zabyvali Toe-
lle et al. (1991) u linie selektované na &tyitydenni
Zivou hmotnost. Vypocty byly provedeny u pomérné
rozsahlého souboru jedincii (2 = 1 000) po 110 otcich
a 290 matkéch (tab. I).

PrestoZe v této studii byla pouZita linie vysoce pro-
selektovand na Zivou hmotnost, koeficienty dédivosti
pro hmotnost téla byly vysoké. Hodnoty dédivosti zna-
ki korigovanych na Zivou hmotnost byly niZsi nez
u znakid nekorigovanych, s vyjimkou abdomindlniho
tuku.

Genetické korelace mezi Zivou hmotnosti a jateény-
mi znaky byly pozitivni a stfedni aZ vysoké (tab. II).
K zajimavym asociacim z praktického hlediska patfi
pozitivni korelace mezi Zivou hmotnosti a hmotnosti
abdominélniho tuku (rg = 0,34) a negativni korelace
mezi abdominalnim tukem a svalstvem po korekci na
hmotnost téla. Negativni korelace mezi prsnim a lytko-
vym svalstvem (r; = —0,58) by mohla poukazovat na
to, Ze selekce zaméfend na vétsi osvaleni prsni oblasti
vede k niZ8i hmotnosti svalstva na lytku, coZ by mohlo
byt modelem pro problémy ,leg weakness* u krut
a brojleru.

Zmeény ve vykrmovych a jateénych vlastnostech
pFi selekci na hmotnost téla ve &tyFech tydnech véku

Analyza vykrmovych (rist, spotfeba a konverze kr-
miva) a jateénych (jateCna vytéZnost, podil tuku a sval-
stva) vlastnosti japonskych kiepelek b&hem dlouhodo-
bé selekce na Ctyftydenni Zivou hmotnost pfi
optimélnim (28 % bilkovin) a stresovém (20 % bilko-
vin) krmném reZimu provadi od roku 1968 aZ do sou-
Casnosti Marks a jeho spolupracovnici. Bylo konsta-
tovano, Ze nejvétsi diference v Zivé hmotnosti mezi
selektovanymi liniemi a kontrolni populaci jsou ve vé-
ku, ve kterém byla provadéna selekce, tj. ve Etyfech
tydnech. Napf. po 50 generacich selekce byl pomér

I. Heritabilita (Toelle et al., 1991) — Heritability (Toelle et al., 1991)
Znak' h} h} B.n
bez korekce na hmotnost téla’
Hmotnost tla? 0,49 0,70 0,59
Svalstvo prsni® 0,48 0,26 0,37
Svalstvo stehenni* 0,40 0,08 0,24
Svalstvo Ijtkové’ 0,38 0,25 0,31
Abdominilni tuk® 0,37 0,53 0,45
s korekci na hmotnost t&la®
Svalstvo prsni® 0,20 0,27 0,24
Svalstvo stehenni* 0,26 NE 0,13
Svalstvo lytkové’ 0,07 0,12 0,10
Abdomindlni tuk$ 0,39 0,53 0,46
Yrait, 2bm‘ly weight, 3breast 4thigh Sdrum Sabdominal fat, 7unndjusled for body weight, "udjusled for body weight
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II. Genetické a fenotypové korelace (rg nad diagondlou, rp pod diagonalou) — Genetic and phenotypic correlations (rg above the diagonal,

rp below the diagonal)

Znak' 1 2 3 4 5
) bez korekce na hmotnost t¥la’
Hmotnost t¥la? ) 0,93 0,64 1,06 0,34
Svalstvo prsni® ) 0,56 0,66 0,67 -0,04
Svalstvo stehenni* 3) 0,47 0,50 0,73 0,12
Svalstvo Iytkove’ @) 0,51 0,39 0,31 0,10
Abdominlni tuk® ) 0,37 0,13 0,19 0,11
s korekci na hmotnost t3la®

Svalstvo prsni® [®) 0,30 -0,58 -0,77
Svalstvo stehenni* 3) 0,32 0,42 -0,15
Svalstvo lytkové® @ 0,14 0,08 -0.89
Abdominalni tuk® ) -0,10 0,02 -0,10 ;

For 1-8 see Tab. I

Zivé hmotnosti linie P (selektovan na vysokou &tyfty-
denni Zivou hmotnost pfi 28% proteinové diet€) a linie
C (neselektovani kontrolni populace) 1,48 pfi vylihnu-
ti, 2,53 ve v&ku 28 dni a poté se sniZoval. Hmotnost
kfepelek pfi vylihnuti a ve 28 dnech v&ku vyjadfena v
procentech z dospélé hmotnosti (56 dnii véku) byla 3,5
a81,4 % uliniePa52a71,0% ulinieC(Marks,
1993a), tzn., Ze selektovand linie je ristové ran&jsi neZ
neselektovana. Podrobnéji se k této problematice vrati-
me aZ pfi analyze ristovych kfivek. Diference v rela-
tivni rychlosti ristu a konverzi krmiva mezi liniemi P
a C byly zaznamendny pouze b&hem prvnich dvou tyd-
ni po vylihnuti (Marks, 1978a), pfitemZ nejvétsi
rozdily byly zjiStény v prvnim tydnu (Marks,
1991b), a to ve prospéch rychlejSiho ristu a lepsi kon-
verze krmiva u linie P.

Velkym pfinosem pro genetickou analyzu riistu ja-
ponskych kfepelek a studium interakci genotyp x krmny
reZim je série praci Markse ve spoluprici s Dardenem
a Baikem. Materidlem jsou kfepelky &tyf divergentnich
linii dlouhodobé selektovanych na Zivou hmotnost ve
Styfech tydnech véku, z toho dvé na kompletni diet&
(CD - 28 % bilkovin, 12,34 MJ ME/kg) a dv& na
»split-diet* (SD - 47 % bilkovin, 9,84 MJ ME/kg
a 9 % bilkovin, 13,95 MJ ME/kg oddélené v krmit-
kéch). Bylo konstatovéno, Ze diference v Zivé hmot-
nosti v dospé&losti mezi liniemi selektovanymi na vyso-
kou (H) a nizkou (L) hmotnost t&la byly ve&tii
v optiméalnim CD neZ ve stresovém SD prostiedi
(Darden, Marks, 1988a). Pfi testovani ristu
viech &tyf linii (H-CD, L-CD, H-SD, L-SD) v obou
nutri¢nich reZimech (CD a SD) se ukizalo, Ze Ziva
hmotnost kiepelek linii H byla vy38i v prostfedi, ve
kterém byly selektovany, zatimco u linii L tomu bylo
opa¢né, Zivd hmotnost byla nejvy33i v reciprokém pro-
stfedi. Linie H vykazovaly niZ¥i spotfebu krmiva na
100 g Zivé hmotnosti neZ linie L a G&innost krmiva
(pfirustek/krmivo) byla lep$i u linii H v prvém aZ tie-
tim tydnu véku, zatimco od patého do osmého tydne
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byla lep¥i u linii L (Marks, 1991b). Podle autori
Darden a Marks (1988b) a Marks (1991c¢)
mohou byt diference v G&innosti krmiva linii H a L
hlavni pfi€inou genetickych diferenci v Zivé hmotnosti
zejména v ranych obdobich ristu.

Pro zajimavost uvadime primérnou &tyitydenni Zi-
vou hmotnost vSech &tyf linii po 20 generacich selekce:
H-CD 143,0 g, H-SD 133,9 g, L-CD 39,9 g a L-SD
28,1 g. Diference mezi liniemi H-CD a H-SD je dina
rozdilnou hmotnosti samic; samci obou linif se praktic-
ky neliSili. Hodnoty dédivosti pfi korekci na prostfedi
byly 0,18 aZ 0,26, tzn., Ze genetick4 variance pro Zivou
hmotnost zistiva jeSt€ pomérné vysoké i po 20 gene-
racich selekce (M arks, 1991a). V této praci byla kro-
m¢é interakce linie x prostfedi zaznamenéna také inter-
akce linie x pohlavi. Ve v&ku &tyf tydni byly samice
t&Z8i neZ samci pouze u linii H; u linii L se pohlavni
dimorfismus dosud neprojevil, a to proto, Ze linie L
pohlavné dospivaly podstatn& pozd&ji neZ linie H.

Pokud se tyka zmén v jate&ném sloZeni t&la pfi dlou-
hodobé selekci na Zivou hmotnost ve &tyfech tydnech
véku, nejvétsi zmé&ny byly zaznamenény v podilu tuku,
a to jak v celkovych lipidech, tak v abdomindlnim tu-
kovém depu, které je vhodnym indikatorem celkového
tuénéni (r, = 0,73 u osmitydennich ki¥epelek; Wyatt
et al., 1982). Diference mezi liniemi selektovanymi na
vysokou Zivou hmotnost a kontrolni populaci nebo li-
niemi selektovanymi na nizkou hmotnost téla se zacaly
objevovat aZ po 21. dnu véku (M arks, 1993a). A&ko-
liv maji nedospélé japonské kiepelky velmi nizké pro-
cento abdominilniho tuku (Darden, Marks,
1985), jeho hladina v dospé&losti se pfili§ nelisi od hla-
diny u dospélych slepic (Sadjadi, Becker, 1980).
Napf. podil abdominélniho tuku z Zivé hmotnosti byl
u linii s vysokou a nizkou hmotnosti t€la ve &tyfech
tydnech vé&ku 0,64 a 0,08 % (Darden, Marks,
1989), v sedmi tydnech 1,4 a 1,0 % (Darden,
Marks, 1988b) a v dospélosti 4,3 a 1,1 % u samcl
al1,6a0,3 % usamic (Darden, Marks, 1985).

ZIVOCISNA VYROBA, 41, 1996 (5): 225-233



V zévislosti na pouZitém genetickém materidlu maji
dospéli samci dva- aZ &tyfikrat vice abdominélniho tu-
ku neZ samice (Marks, 1990). TudiZ i u kiepelek se
potvrdilo, Ze pohlavi s niZ§imi pfirustky a niZsi dospé-
lou Zivou hmotnosti ma obecné vyssi podil abdominal-
niho tuku. Nicméné& pfi sledovani procenta celkovych
lipida v t&le sedmitydennich kiepelek byly vyssi hod-
noty ve prospéch samé&iho pohlavi zaznamenany pouze
pfi krmeni 30% a 24% bilkovinnou dietou (15,1 % vs
11,0 % a 12,1 % vs 10,1 %), ale pfi niZ§ich hladinich
bilkovin (20 % a 17 %) se hodnoty vyrovnévaly, popf.
byly vys$§i u samic (9,9 % vs 10,7 % a 9,2 % vs
9,7 %). Tato skuteEnost by mohla vysvétlit vysledky
autord Caron et al. (1990), ktefi na rozdil od vétSiny
autori (Sadjadi, Becker, 1980; Becker etal.,
1985; Singh, Panda, 1987 aj.) nenalezli pohlavni
dimorfismus v abdominalnim tuku (kiepelky byly od-
chovavany pfi niZ8i hladiné proteini v dieté¢ — od
15. dne 22% a od 29. dne 19%). Tito autofi pfi selekci
na vysokou Zivou hmotnost ve 45 dnech véku zazna-
menali zvy$eni podilu abdominalniho tuku oproti kon-
trolni populaci pouze u dvou ze tfi selektovanych linii,
coZ by potvrzovalo zdvéry autori Bailey et al.
(1988) o zapojeni riznych genetickych systému do se-
lekéni odpovédi pfi vybéru na vysokou hmotnost téla.
Jate¢na hodnota byla o néco vyssi u selektovanych linii
neZ u kontroly (69,0 % vs 67,7 %) a byla signifikantné
vy$§i u samcti (71,7 %) neZ u samic (65,9 %) (Caron
et al., 1990).

Vliv k¥iZeni na vykrmové a jatecné vlastnosti

Pfi kiiZeni &tyf divergentnich linii (H-CD, H-SD,
L-CD a L-SD) byl prokdzan vyrazny maternélni efekt
(Darden, Marks, 1989; Marks, 1993b; Baik,
Marks, 1993) dany velikosti nasadovych vajec. Napf.
ve 27. generaci selekce byla nalezena diference
v hmotnosti nasadovych vajec mezi liniemi H a L
52 %. Jesté vétsi rozdily byly konstatovany v Zivé
hmotnosti vylihlych kiepelek. U t&Zkych linii pfedsta-
vovalo vylihlé mladé v priméru 68,2 % z hmotnosti
vejce a u lehkych linii pouze 61,8 %. LiSila se také
jednodenni hmotnost &istokrevnych a hybridnich kie-
pelek. Kiepelky LH byly pii vylihnuti vétsi nez HH
0 1,9 % a HL mens$i neZ LL o 1,1 %.

Vyrazné rozdily mezi liniemi H a L v hmotnosti va-
jec po 13 generacich selekce byly pfiCinou signifikant-
nich diferenci v Zivé hmotnosti mezi reciprokymi kii-
Zenci LH a HL (jako prvni je uvedena linie otce), které
pretrvavaly v 1. testu do tyf tydna véku, v obou krm-
nych prostiedich — SD a CD (Darden, Marks,
1989), v 2. testu matefsky efekt velikosti vejce po
14 dnech vymizel a v 3. testu byly kiepelky LH signi-
fikantn& t8Z3i neZ kiepelky HL aZ do véku 69 dni
(Marks, 1993b). SniZovéani procentudlnich diferenci
mezi reciprokymi kfiZenci v prubé&hu ristu je zpusobe-
no vy$3i relativni rychlosti ristu u kfiZencii z malych
vajec (kompenzatorni rist) v prvnich dvou tydnech po
vylihnuti. Po uplynuti této doby se pfirastky recipro-
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kych kiiZencl se stejnym genetickym ristovym poten-
cidlem prakticky neli§ily Marks, 1993a). U méné
kontrastniho materiélu se matefsky efekt projevoval jen
kratce po narozeni (Dédkova etal., 1995). Pokud se
tyka reciprokych efektii na spotiebu a konverzi krmiva,
kfizenci LH spotfebovali vice krmiva neZ hybridi HL
v obdobi od vylihnuti do 17 dni véku. Diference mezi
reciprokymi kiiZenci byly 37, 27 a 15 % od rodiéu se-
lektovanych v prostiedi SD a 29, 15 a 13 % od rodi¢u
selektovanych na diet¢ CD pro intervaly 0 aZ 3, 6 aZ
10 a 13 aZ 17 dnu. Poté byl pfijem krmiva u recipro-
kych kfiZenci stejny. AvSak v piipadé, Ze byla spotfe-
ba krmiva upravena podle Zivé hmotnosti (g krmi-
va/100 g Zivé hmotnosti/den), kfiZenci HL spotfebovali
vice krmiva neZ LH pouze o 5 aZ 12 % (SD) a 12 az
25 % (CD) v prubéhu celého 38denniho testovaciho
obdobi. V tcinnosti krmiva (g prirastku/g krmiva) se
reciproci kiiZenci signifikantn& nelisili, i kdyZ hybridi
HL méli ponékud lepsi G€innost v disledku vyssi po-
¢ate¢ni relativni rychlosti rastu. Efektivngjsi vyuZiti kr-
miva u kiepelek HL muZe byt alespoti ¢4steéné zpuso-
beno niz8§imi zachovnymi poZadavky, asociovanymi
s niZ8i hmotnosti téla (M arks, 1993b).

Reciproci kfiZenci se ve &tyfech tydnech véku neli-
§ili v podilu celkovych lipidi, ani v podilu abdominal-
niho tuku (Darden, Marks, 1989).

Pii analyze literarnich udaju tykajicich se jak hete-
roznich, tak i reciprokych efektl, je nutné pfihliZet
k pouZitému genetickému materidlu i k podminkam
prostiedi, tzn. k faktorim, které se vyznamné podili na
velikosti téchto efektii. Proto jsou tdaje erpané z lite-
ratury Casto velmi rozdilné. Pokud se tyka Zivé hmot-
nosti kfepelek v priibéhu ristu, setkdvime se v litera-
tuie jak s kladnymi (M arks, 1973; Baik, Marks,
1993), tak se zdpornymi (Wyatt etal., 1982; Baik,
Marks, 1993; Dédkova et al.,, 1995) hodnotami
heteroze.

Vyjdeme-li opét ze zasadni prace autord Baik
a Marks (1993), za nejzajimavé;jsi lze pokladat zjis-
téni, Ze pramérna heteroze v Zivé hmotnosti, po&itana
pres vék (2, 4, 6 a 8 tydnu) a testovaci diety (SD a CD),
je vysSsi pri kifiZeni linii selektovanych ve stejném sméru
(bud vysoka nebo nizka hmotnost téla), ale ve vyrazné
odli$ném prostiedi (dieta SD nebo CD) neZ heteroze pfi
kfiZeni linii s vysokou a nizkou Zivou hmotnosti
(+9,9 % vs -5,0 %). Negativni hodnoty heteroze pfi
kiiZeni divergentnich linii indikuji, Ze geneticky pro-
gres pfi sniZovani étyitydenni Zivé hmotnosti miZe byt
veti neZ pfi jejim zvySovani,

Hodnoty heteroze byly o néco vyssi pfi testovani ve
stresovém prostiedi (dieta SD) neZ v prostiedi optimal-
nim (dieta CD). Praimérna heteroze v prostfedi SD byla
+10,1 % (kfiZeni linii se stejnou Zivou hmotnosti)
a —6,9 % (kfiZeni linii s rozdilnou Zivou hmotnosti)
a v prostfedi CD byly odpovidajici hodnoty +9,7 %
a 3,2 %. Vyznamné je i zji§téni vys§ich hodnot hete-
roze pii hybridizaci linii s nizkou Zivou hmotnosti nez
linii s vysokou hmotnosti (12,7 % vs 7,3 %), coZ uka-
zuje na podstatné vétsi diference v alelickych frekvencich

229



mezi liniemi s nizkou hmotnosti t€la v porovnéni s li-
niemi t&Zkymi.

Zajimavé vysledky byly ziskany pfi kfiZeni linii se-
lektovanych na vysokou hmotnost téla ve &tyfech tyd-
nech véku (linie P na 28% a T na 20% proteinové
diet&), které nepotvrzuji pfedchazejici zavéry o vyssi
heterozi v horSich podminkéach prostfedi. Pokud byly
kiepelky krmeny smési s 28 % a 24 % bilkovin, hete-
roze v hmotnosti téla byla vysokd v prvém tydnu (20
a 30 %) a poté se linearné sniZovala do &tyf tydni véku
(5 a 10 %). Avsak pfi nizkém obsahu bilkovin (20 %)
byl heterozni efekt po vylihnuti nizky a teprve v poz-
déjsich obdobich rustu se ponékud zvysoval M arks,
1995).

Pokud se tyké heteroznich efektil v G¢innosti krmi-
va, Darden, Marks (1989) a Marks (1995)
uvadéji nulové nebo nizké negativni hodnoty v rozsahu
od 0 do -12 % v pribéhu ristu. Toto zjisténi je v roz-
poru s obecnou zkuSenosti, Ze hybridi 1épe vyuZivaji
krmivo.

PiestoZe u kiepelek zatim nebyly publikovéiny Zad-
né préce, jejichZ vysledky by nasvéd&ovaly lep§imu vy-
uZivani krmiva u kiiZenci, v uklddani tuku byla zazna-
menana vyraznd negativni heteroze (Wyatt et al.,
1982; Darden, Marks, 1989). To znamens, Ze
hybridi byli v pordZkovém véku 5 aZ 8 tydni podstatnd
»libové&jsi‘ neZ kiepelky Cistych linii. Heteroze v podilu
celkovych lipidi v téle se pohybovala v rozsahu od
-10 do -38 % s primérem kolem -23 % a u jednotli-
vych tukovych dep byly zéporné hodnoty je¥t& vy¥¥i,
napf. u abdominélniho tuku v priméru —45 %.

Riistové kiivky

Prub&h celkového ristu japonskych kiepelek byl
analyzovan pomoci tfiparametrovych nelinedrnich
funkcf - logistické, Gompertzovy a Von Bertalanffyho
(Marks, 1987b; Anthony et al., 1986, 1991). Je
logické, Ze u téchto ristovych modeld s fixovanym in-
flexnim bodem nebude stejnd funkce vhodné pro roz-
dilné genotypy ristu. Proto byla k dalSi analyze ristu
japonskych kfepelek zvolena obecn4 Richardsova funk-
ce se &tyfmi parametry bez omezujici fixace inflexniho
bodu, kter4d nemé biologické opodstatnéni (D&dkova
etal, 1995; KniZetova etal, 1995; Hydnkova
et al., 1996).

Anthony a jeho spolupracovnici ve svych experi-
mentech pouZili japonské kiepelky dvou linii divergen-
tn€ selektovanych na Zivou hmotnost ve &tyfech tyd-
nech véku (HW — vysoké Zivd hmotnost, LW — nizka
Ziva hmotnost) a kontrolni neselektované linie (C). Po
12 generacich selekce byla primérnad Zivd hmotnost
kiepelek ve é&tyfech tydnech 92 g (C), 133 g (HW)
a 47 g (LW). Analyza ,,goodness of fit* jednotlivych
ristovych funkci ukazala, Ze k vyjadfeni rustu japon-
skych kiepelek linie C a HW je nejvhodn&j¥i Gomper-
tzova funkce, kterd méla nejniZsi celkovou rezidualni
odchylku pro ristové obdobi od vylihnuti do dosaZeni
90 % z asymptotické hmotnosti. AvSak Zidna ze tfi po-
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uZitych rovnic adekvatné nepopisovala rist kiepelek
linie LW. Pfesto byla za ,,nejlep$i“ povaZovana funkce
logistick4, kterd pomé&rné& spolehlivé odhadla asympto-
tickou hmotnost této linie. Pro srovndvaci analyzu
viech t¥f linii byla vybrdna Gompertzova funkce, kterd
i podle jinych autord (Ricklefs, 1973; Tzeng,
Becker, 1981 aj.) je nejvhodné&;jsi pro vyjadfeni ristu
Galliformes. Také Laskey a Edens (1985) po-
uZili tuto funkci pro studium vlivu velikosti nasadové-
ho vejce na nasledny rust japonskych kfepelek.

Rustové kfivky linii C a HW si byly tvarové podob-
né, i kdyZ se samoziejmé liSily ukazateli absolutni Zivé
hmotnosti, a findlni dosp&lé hmotnosti bylo dosaZeno
v 55 dnech v&ku. Naproti tomu linie LW méla prodlou-
Zenou autoakceleraéni i autoretardaéni fazi a rostla i po
dosaZeni pohlavni dospg&losti. V&k pfi dosaZeni 90 %
z asymptotické hmotnosti byl 47,2, 43,1 a 84,1 dni pro
linie C, HW a LW. K divergenci selektovanych linii
dochézelo bezprostfedné po vylihnuti. Linie HW rostla
rychleji neZ kontrolni linie pouze do 19 dnu véku
a v dal¥im obdobi riistu se obg& linie jiZ neliSily. Ve
25 dnech véku (tj. pfibliZzn& ve v&ku, ve kterém byla
providéna selekce) byla rychlost riistu pfibliZzné stejna
u viech linii a od 25 dni rostla linie LW rychleji neZ
C a HW. Linie C, HW a LW doséhly inflexniho bodu
ve v€ku 17,0, 16,0 a 28,8 dni pfi hmotnosti 44,1, 63,1
a 41,4 g a sklonu linearizované formy Gompertzovy
funkce (konverzni faktor/den) 0,072, 0,088 a 0,044.
PrestoZe hmotnosti linii C a LW se ve véku, kdy byla
provadéna selekce (28 dni), podstatng lisily (92 g vs
47 g), inflexni i asymptotickd hmotnost linie LW pied-
stavovala 94 % linie C. Selekce na nizkou Zivou hmot-
nost ve &tyfech tydnech véku pisobila vice na sklon
v bodé€ inflexe neZ na inflexni a asymptotickou hmot-
nost. Vyrazné zvySeni findlni Zivé hmotnosti u linie
HW (171,6 g vs 119,9 g a 112,6 g u linii C a LW) je
vysledkem pfiristki ve sklonu linearizované kfivky
a vy38i hmotnosti pfi vylihnuti (7,92 g vs 6,26 ga 5,33 g
u linif C a LW). Na tomto vysledku se ziejm& bude
podilet i vy3¥i podil tuku u kfepelek linie HW (B a-
con, Nestor, 1983).

Signifikantni pohlavni dimorfismus byl zaznamenén
pouze pro inflexni a asymptotickou hmotnost, a to ve
prospéch vys§ich hodnot u samic (48,6 g vs 50,5 g
a132,1 g vs 137,3 g). Nicméné& mezipohlavni diference
v Zivé hmotnosti byly na rozdil od vysledki jinych au-
tori (Marks, 1978b; Caron et al., 1990 aj.) pomér-
né malé, a tudiZ nebyly zaznamenény ani Z4dné statis-
ticky vyznamné rozdily ve sklonu ristové kfivky a ve
véku pfi dosaZeni inflexniho bodu &i 90 % z asympto-
tické hmotnosti.

Marks (1987b) pouZil ve své praci k vyjadfeni
celkového ristu japonskych kiepelek &tyf linii (P, T,
S a C - charakteristika jiZ byla uvedena vy3e) logistic-
kou funkci. Selektované linie mély ve &tyfech tydnech
v&ku vys8i Zivou hmotnost (P - 188 g, T— 149 g, S —
157 g, C - 58 g) neZ nejt&Z8i linie HW (133 g) v po-
kusu autori Anthony et al. (1986). Analyza risto-
vych kfivek probéhla ve dvou krmnych prostfedich
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(28% a 20% bilkovinna dieta). Kiepelky krmené 28%
dietou dosahly inflexniho bodu v priméru o 3,5 dnid
dfive neZ kiepelky na dieté s 20 % bilkovin (linie P, T,
S, C - 183, 16,4, 17,9 a 22,4 dnti vs 24,6, 18,2, 20,6
a 25,7 dni). Podobny trend zaznamenali Hydnkové
et al. (1996), a to pfi podstatné niZsi diferenci v hladiné
bilkovin (2 %). Primérnd délka autoakceleracni fize
ristu byla v priméru o 1,3 dne krat3i (P < 0,01) u kie-
pelek krmenych dietou s vys§i koncentraci bilkovin
(samci 16,0 vs 17,4 dnu, samice 17,5 vs 18,7 dnu). Jak
uvaddi Marks (1987b), bylo inflexniho bodu dosaZe-
no dfive u linii selektovanych na vysokou &tyftydenni
Zivou hmotnost neZ u kontrolni populace, coZ je v sou-
ladu s vysledky autori Anthony et al. (1986). Na
rozdil od téchto autori byl v§ak zaznamenéan pohlavni
dimorfismus v délce trvéini autoakceleraéni fize ristu.
Samice s vét§i asymptotickou hmotnosti dosahly in-
flexniho bodu o 3,2 dny pozdé&ji neZ samci. Selektova-
né linie mély konstantu rychlosti riistu k& podstatné vys-
§i neZ neselektovana kontrola a samci vy$§i neZ samice.
Linie P selektovand v optimalnich ristovych podmin-
kéch byla nejvice postiZena zmé&nou prostiedi ve viech
parametrech kfivky.

PouZiti Richardsovy funkce u &tyf linii japonskych
kiepelek a jejich kfiZzenci (D&dkova et al.; Kni-
Zetova et al., 1995; Hyankova et al., 1996)
umoZnilo stanovit rozsah hodnot polohy inflexniho bo-
du charakterizované pomérem inflexni a asymptotické
hmotnosti (y*/A). Primé&mé hodnoty u linii byly v roz-
péti od 0,366 do 0,408 u samiciho a od 0,399 do 0,478
u sam¢iho pohlavi (Hydnkova etal., 1996). Vysled-
ky tudiZ naznacily, Ze u samic lze k vyjadfeni celkové-
ho rustu celkem spolehlivé pouZit Gompertzovu funkci
(y*/A = 0,368), zatimco u samci s v&t$im sigmoidnim
zakfivenim (rané&j§i rust) neni vhodny Zadny z b&Zné
pouZivanych tfiparametrovych modeli (logistickd —
y*/A = 0,500). Riistové ran&jsi samci (vy3si hodnoty
poméru y*/A a konstanty k) dosahli také dfive inflexniho
bodu neZ samice, v priméru o 1,3 dne (16,7 vs 18,0 dnu).
Skute€nost, Ze diference je relativné niZsi, neZz uvadi
Marks (1987b), je zfejmé& dana tim, Ze pohlavni di-

morfismus se jiZ ¢aste¢né promitl do poméru inflexni
a asymptotické hmotnosti.

Pordzkovy vék a jate¢né sloZeni téla

V tdvodu jsme se jiZ zminili, Ze poraZkovy vék ja-
ponskych kiepelek masného typu se pohybuje od péti
do osmi tydni. Torges a Wegner (1984) dopo-
rucuji poraZet samce japonskych kiepelek ve véku péti
tydni a samice v Sesti tydnech pfi hmotnosti zhruba
150 g a 190 g a konverzi krmiva 3,3 a 3,6. Podle jinych
prament (Panda et al.,, 1987) je s ohledem na vyso-
kou ekonomickou névratnost a kvalitu jate¢ného pro-
duktu optiméalnim v&kem poraZky pét tydnii . Primérna
Ziva hmotnost obou pohlavi byla 140 g a konverze kr-
miva 3,0, Nicméné se zd4, Ze v trZnich podminkach
relativné vysokych cen jateného produktu se vzhle-
dem k cendm krmiva vyplati posunout poridZkovou
hmotnost k vy$§im hodnotam i za cenu vys§ich nakla-
di na krmné smési a sniZeni jate€né vyt€Znosti u samic
po Sestém tydnu véku (71,1-72,6 % u samic vs 75,3—
76,7 % u samci; Singh et al., 1980). Pomér maso
kosti se zvySoval z 3,3 v péti tydnech na 3,6 v osmi
tydnech v€ku (Singh et al., 1981). Pro zajimavost
uvadime porovnani sloZeni t€la u brojlerovych a do-
spélych kiepelek (tab. III).

Osvaleni prsni oblasti japonskych kfepelek je rela-
tivn€ vysoké ve srovnani s ostatnimi druhy drubeZe
(Baumgartner etal., 1990a) a rovnéZ nékteré tech-
nologické ukazatele masa jsou lepSi (kiehkost masa,
obsah volné vody). Z hlediska nutri¢ni kvality masa je
pfizniva vysoka hladina vnitrosvalového tuku (2,6 % —
prsni svalstvo, 3,0 % — noZni svalstvo), ktera je srov-
natelnd s husim prsnim masem, a pomérn& vysoky ob-
sah Zeleza (3,1 mg/100 g) (Baumgartner et al,
1990b).

Problematikou jategného sloZeni téla se zabyvali ta-
ké Tserveni-Gousi, Yannakopoulos (1986),
Caron etal. (1990)a Panda, Singh (1990), kte-
fi publikovali pomérné rozséhly prehled, v&etné kvality
masa a zpusobil zpracovani.

II1. JateZné sloZeni t&la japonskych kiepelek v 5 a 58 tydnech v&ku (Singh, Panda, 1987) — Carcass composition of Japanese quail at

5 and 58 weeks of age (Singh, Panda, 1987)

5 tydnd® 58 tydna'"
samci'! samice'? samci'! samice'?

Podil ze Zivé hmotnosti' (%)

— jate&n4 vyt&Znost? 73,31 73,88 71,56 68,50

~ opracovany trup? 65,16 66,03 69,66 60,28

~ dribky* 7,09 7,01 5,04 6,10

~ abdominalni tuk’ 1,06 0,84 2,86 2,12
Podil z opracovaného trupu® (%)

- prsni svalstvo’ 30,62 31,33 29,02 30,76

— noZni svalstvo® 17,76 18,07 17,31 18,56

34 q

Ipmportion out of live weight, 24

B!

meat, ’S weeks, '"58 weeks, ''males, l.if::rmles
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4giblel.ts. Sabdominal fat, “proponion out of carcass, "breast meat, xleg
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covaného MZeCR (AA0930950146) a GACR
(514/93/0748).

LITERATURA

ANTHONY, N. B. — NESTOR, K. E. - BACON, L. W.:
Growth curves of Japanese quail as modified by divergent
selection for 4-week body weight. Poult. Sci., 65, 1986:
1825-1833.

ANTHONY, N. B. - EMMERSON, D. A. - NESTOR, K. E.
- BACON, L. W. - SIEGEL, P. B. - DUNNINGTON, E. A.:
Comparison of growth curves of weight selected populations
of turkey, quail and chickens. Poult. Sci., 70, 1991: 13-19.

BACON, W. L. — NESTOR, K. E.: Divergent selection for
body weight and yolk precursor in Coturnix coturnix japoni-
ca. 4. Correlated responses in carcass composition and car-
cass yield of progeny during growth. Poult. Sci., 62, 1983:
537-544.

BAIK, D. H. - MARKS, H. L.: Divergent selection for
growth in Japanese quail under split and complete nutritional
environments. 7. Heterosis and combining ability among
diallel crosses following twenty-seven generation of selecti-
on. Poult. Sci., 72, 1993: 1449-1458.

BAILEY, D. R. C. — SALMON, R. K. - BERG, R. T. -
FREDEEN, H. T.: Growth and body composition of mice
selected for high body weight. Genome, 30, 1988: 570-575.
BAUMGARTNER, J. - KONCEKOVA, Z. - PALANSKA,
O.: Jato¢na kvalita anglickej bielej prepelice. Hydindarstvo,
25, 1990: 81-95.

BAUMGARTNER, J. - PALANSKA, O. - KONCEKOVA,
Z.: Technologicki kvalita a nutri¢na hodnota misa anglickej
bielej prepelice. Hydinarstvo, 25, 1990: 97-107.

BECKER, W. A. - FAGERLIE, D. L. - MIROSH, L. W.:
Heritability of live and abdominal fat weights in Coturnix
quail. Poult. Sci., 64, 1985: 1397-1398.

CARON, N. - MINVIELLE, F. - DESMARAIS, M. - PO-
STE, L. M.: Mass selection response, carcass composition,
cooking properties and sensory characteristics. Poult. Sci.,
69, 1990: 1037-1045.

CHAHIL, P. S. - JOHNSON, W. A.: Intra-sire regression of
offspring on dam as a measure of the additive genetic va-
riance for five week body weight in Coturnix coturnix japo-
nica. Poult. Sci., 53, 1974: 2070-2072.

COLLINS, W. M. - ABPLANALP, H. - HILL, W. G.: Mass
selection for body weight in quail. Poult. Sci., 45, 1970:
926-933.

DARDEN, J. R. - MARKS, H. L.: The influence of dietary
salt on water consumption and carcass lipids in Japanese
quail. Poult. Sci., 64, 1985: 1269-1278.

DARDEN, J. R. - MARKS H. K.: Divergent selection for
growth in Japanese quail under split and complete nutritional
environments. 1. Genetic and correlatéd responses in selec-
tion. Poult. Sci., 67, 1988a: 519-529.

DARDEN, J. R. - MARKS H. K.: Divergent selection for
growth in Japanese quail under split and complete nutritional
environments. 2. Water and feed intake patterns and abdo-

232

minal fat and carcass lipid characteristics. Poult. Sci., 67,
1988b: 1111-1122.

DARDEN, J. R. - MARKS H. K.: Divergent selection for
growth in Japanese quail under split and complete nutritional
environments. 3. Influence of selection for growth on hete-
rotic effects for body weight, feed and water intake patterns,
abdominal fat, and carcass lipid characteristic. Poult. Sci., 68,
1989: 37-45.

DEDKOVA, L. - HYANEK, J. - HYANKOVA, L. - KNI-
ZETOVA, H.: Diallel analysis of growth in Japanese quail.
In: Proc. 11th Current Problems in Avian Genetics, Krakéw,
1995: 212-215.

HYANKOVA, L. - DEDKOVA, L. - KNIZETOVA, H. -
KLECKER, D.: Responses of growth, feed intake and feed
conversion to different dietary protein levels in meat-type
lines of Japanese quail. Brit. Poult. Sci., 1996 (v tisku).
KNIZETOVA, H. - DEDKOVA, L. - HYANKOVA, L. -
HYANEK, J.: Growth curves of Japanese quail. In: Proc.
11th Current Problems in Avian Genetics, Krakéw, 1995:
216-219.

LASKEY, J. W. — EDENS, F. W.: Hatch weight selection:
Effect on post-hatch growth in the Japanese quail (Coturnix
coturnix japonica). Comp. Biochem Physiol., 82A, 1985:
101-104.

MACHA, A. M. — BECKER, W. A.: Comparison of predic-
ted with actual body weight selection gains of Coturnix co-
turnix japonica. Theor. Appl. Genet., 47, 1976: 251-255.
MARKS, H. K.: Selection for four-week body weight in Ja-
panese quail under two nutritional environments. Poult. Sci.,
3, 1971: 931-937.

MARKS, H. K.: Performance of crosses of quail selected
under different environments. Heredity, 64, 1973: 73-76.
MARKS, H. K.: Long-term selection for four-week body
weight in Japanese quail under different nutritional environ-
ments. Theor. Appl. Genet., 52, 1978a: 105-111.

MARKS, H. K.: Growth curve changes associated with long-
-term selection for body weight in Japanese quail. Growth,
42, 1978b: 129-140.

MARKS, H. L.: Direct and correlated responses to selection
for growth. In: HILL, W. G. - MANSON, J. M. - HEWITT,
D. (eds.): Poultry Genetics and Breeding. Harlow, England,
U.K., Longman Group 1985: 47-51.

MARKS, H. K.: Long-term selection for four-week body
weight in Japanese quail following modification of the selec-
tion environments. Poult. Sci., 68, 1989: 455—459.
MARKS, H. L.: Abdominal fat and testes weights in diverse
genetic lines of Japanese quail. Poult. Sci., 69, 1990: 1627-
1633.

MARKS, H. K.: Divergent selection for growth in Japanese
quail under split and complete nutritional environments. 4.
Genetic and correlated responses from generations 12 to 20.
Poult. Sci., 70, 1991a: 1047-1056.

MARKS, H. K.: Divergent selection for growth in Japanese
quail under split and complete nutritional environments. 5.
Feed intake and efficiency patterns following nineteen gene-
rations of selection. Poult. Sci., 70, 1991b: 1047-1056.
MARKS, H. L.: Feed efficiency changes accompanying se-
lection for body weight in chickens and quail. Wid’s Poult.
Sci. 1., 47, 1991c: 197-212.

ZIVOCISNA VYROBA, 41, 1996 (5): 225-233



MARKS, H. K.: Carcass composition, feed intake, and feed
efficiency following long-term selection for four-week body
weight in Japanese quail. Poult. Sci., 68, 1993a: 1005-1011.
MARKS, H. K.: Divergent selection for growth in Japanese
quail under split and complete nutritional environments. 6.
Differential body weights in reciprocal crosses. Poult. Sci.,
72, 1993b: 1847-1854.

MARKS, H. L.: Heterosis and overdominance following
long-term selection for body weight in Japanese quail. Poult.
Sci., 74, 1995: 1730-1744.

MARKS, H. K. - LEPORE, P. D.: Growth rate inheritance
in Japanese quail. 2. Early responses to selection under dif-
ferent nutritional environments. Poult. Sci., 47, 1968: 1540~
1546.

NESTOR, K. E. - BACON, L. W. - LAMBIO, A. L.: Diver-
gent selection for body weight and yolk precursor in Cotur-
nix coturnix japonica. 1. Selection response. Poult. Sci., 61,
1982: 12-17.

NESTOR, K. E. - BACON, L. W. - ANTHONY, N. B. -
HAVENSTEIN, G. B.: Divergent selection for body weight
and yolk precursor in Coturnix coturnix japonica. 1. Influen-
ces of genetic changes in body weight and yolk precursor on
egg production. Poult. Sci., 66, 1987: 390-396.

PANDA, B. - SINGH, R. P.: Developments in processing
quail meat and eggs. WId's Poult. Sci. J., 46, 1990: 217-234.
PANDA, B. - AHUJA, S. D. - SHRIVASTAYV, A. K. -
SINGH, R. P. - AGARWALI S. K. - THOMAS, P. C.: Meat
and meat products. In: Quail Production Technology, Divi-
sion of Technology Transfer, Central Avian Research Insti-
tute, Izatnagar, India, 1987. 31 s.

RICKLEFS, R. E.: Pattern of growth in birds. II. Growth rate
and mode of development. Ibis, 115, 1973: 177-200.
SADJADI, M. - BECKER, W. A.: Heritability and genetic
correlations of body weight and surgically removed abdomi-
nal fat in Coturnix quail. Poult. Sci., 59, 1980: 1977-1984.
SEFTON, A. E. - SIEGEL, P. B.: Inheritance of body weight
in Japanese quail. Poult. Sci., 53, 1974: 1597-1603.

SINGH, R. P. - PANDA, B.: Comparative carcass and meat
yields in broiler and spent quails. Indian J. Anim. Sci., 57,
1987: 904-907.

SINGH, R. P. - SHRIVASTAYV, A. K. - PANDA, B.: Stu-
dies on slaughter characteristics of Japanese quail (Coturnix
coturnix japonica) at different stages of growth. Indian Poult.
Gazette, 64, 1980: 12-17.

SINGH, R. P. - SHRIVASTAV, A. K. — PANDA, B.: Meat
yield of Japanese quail (Coturnix coturnix japonica) at dif-
ferent stages of growth. Indian J. Anim. Sci., 16, 1981: 119~
125.

TOELLE, V. D. - HAVENSTEIN, G. B. - NESTOR, K. E.
- HARVEY, W. R.: Genetic and phenotypic relationships in
Japanese quail. 1. Body weight, carcass, and organ measure-
ments. Poult. Sci., 70, 1991: 1679-1688.

TORGES, H. G. - WEGNER, R. M.: The effect of age and
sex on broiler performance of heavy-strain quails (Coturnix
coturnix japonica). Arch. Gefliigelkde, 48, 1984: 57-65.
TSERVENI-GOUSI, A. S. - YANNAKOPOULOS, A. L.
Carcass characteristic of Japanese quail at 42 days of age.
Brit. Poult. Sci., 27, 1986: 123-127.

TZENG, R. Y. - BECKER, W. A.: Growth patterns of body
and abdominal fat weights in male broiler chickens. Poult.
Sci., 60, 1981: 1101-1106.

WILSON, W. O. - ABBOTT, U. K. - ABPLANALP, H.:
Evaluation of Coturnix (Japanese quail) as a pilot animal for
poultry. Poult. Sci., 40, 1961: 651-657.

WYATT, J. M. F. - SIEGEL, P. B. - CHERRY, J. A.: Ge-
netics of lipid deposition in the Japanese quail. Theor. Appl.
Genet., 61, 1982: 257-262.

YOSHIDA, S. - COLLINS, W. M.: Individual selection for
4 week body weight in Japanese quail in relation to sex
dimorphism. Poult. Sci., 46, 1967: 134i (Abstr.).

Doslo 13. 2. 1996

Kontakini adresa:

RNDr. Helena KniZetovia, CSc., Vyzkumny tGstav Zivolisné vyroby, 104 00 Praha 10-Uhfin&ves, Ceska republika, tel.:

02/67 71 17 47, fax: 02/67 71 14 48

ZIVOCISNA VYROBA, 41, 1996 (5): 225-233

233



INSTITUTE OF AGRICULTURAL AND FOOD INFORMATION
Slezska 7, 120 56 Praha 2, Czech Republic
Fax: (00422) 25 70 90

In this institute scientific journals dealing with the problems of agriculture and related
sciences are published on behalf of the Czech Academy of Agricultural Sciences. The perio-
dicals are published in the Czech or Slovak languages with long summaries in English or in
English language with summaries in Czech or Slovak.

Subscription to these journals should be sent to the above-mentioned address.

Periodical Number of issues per year
Rostlinna vyroba (Plant Production) 12
Zivoéisna vyroba (Animal Production) 12
Veterinarni medicina (Veterinary Medicine — Czech) 12
Zemédeélska ekonomika (Agricultural Economics) 12
Lesnictvi — Forestry 12

Zemédélska technika (Agricultural Engineering)
Ochrana rostlin (Plant Protection)

Genetika a $lechténi (Genetics and Plant Breeding)
Zahradnictvi (Horticultural Science)

[~ B L

Potravinaiské védy (Food Sciencies)




Z VEDECKEHO ZIVOTA .

Jubileum Ing. Jana Poltarskeho, DrSc.

V 50roénej historii a posobnosti Vyskumného sta-
vu Zivocisnej vyroby v Nitre patri pevné miesto tzv.
wStrednej* generécii, ktord nadviazala na vysledky jej
star§ich kolegov a v novych podmienkach ich rozvinu-
la. Cestne sa do tejto skupiny zaraduje aj 60ro¥né %i-
votné jubileum Ing. Jana Poltarskeho, DrSc., riaditela
Ustavu biolégie chovu a §lachtenia oSipanych VUZV
Nitra.

Ing. Jan Poltarsky, DrSc., sa narodil 5. januéra 1936
v obci Magkova, okres Ludenec. Pochiddza z malorol-
nickej rodiny. Laska k prirode, ziskana v rodi¢ovskom
dome a vidieckom prostredi, preduréila jeho Zivotni
dréhu. »

Stredné odborné vzdelanie ziskal na Strednej polno-
hospodarskej technickej Skole v Rimavskej Sobote, kde
v roku 1955 zmaturoval s klasifikiciou pestovatel-cho-
vatel. Po kratkom zamestnani na Stdtnom majetku vo
Filakove sa zapisal na Vysoki $kolu polnohospodar-
sku, zootechnicku fakultu v Nitre, ktori ukonéil v roku
1960. Prechodne pracoval na Polnohospodarskom uéi-
lifti v Nitre a ako zootechnik na Ustave pre vedecki
sistavu hospodarenia v Lucenci.

V novembri 1962 nastipil na Vyskumny ustav Zivo-
¢iSnej vyroby v Nitre v profesii chovu ofipanych. Od
pociatku inklinoval k zahadnostiam $lachtenia, tvorby
a zdokonalovania novych typov zvierat vo vyvojovom
procese ich prestavby. Svoju klasifikdciu si zvySoval
externou aSpirantirou, ktord ukonéil v roku 1967 ob-
hajobou kandidatskej dizertadnej prace na tému ,,Vy-
tvaranie masového typu z bielych uslachtilych oSipa-
nych pouZitim plemena landrase®.

Program $lachtenia oSipanych na mésovy typ sa stal
taZiskovym v slovenskom chove oSipanych a odrazil sa
pozoruhodnou pozitivnou reakciou chovatelskej praxe.
Teoretickym, odbornym a organizanym vkladom sa
zasliZil o vy$lachtenie a uznanie bieleho misového
plemena (1980), ktorym sa graduovala realizé4cia hyb-
ridizaného programu a vytvorenie a uznanie mésového
hybrida SLOVHYB 1 (1981) a SLOVHYB 2 (1994).

Svetové trendy a nutritivne niroky konzumentov
viedli k dalSiemu prehlbovaniu programu §lachtenia
masovych typov oSipanych s aspektom na kvalitu pro-
dukcie. Postupné kroky rieil jubilant vyskumom vy-
uZitia halotanového testu pri selekcii ofipanych a Sti-
diom vhodnych met6d hodnotenia plemennych
ofipanych. Cennym vkladom je angaZovany vyskum
a nadvizné praktické vyuZivanie aparativnej techniky
pri hodnoteni mésovej uZitkovosti plemennych a jato&-
nych oSipanych pre vyber a spefiaZovanie.

- Poznatky z tychto vyskumov vyuZil Ing. J. Poltarsky
na napisanie doktorskej dizertainej price na tému
»Zhodnotenie morfo-fyziologickych a dZitkovych vlast-
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nosti oSipanych v proce-
se $lachtenia na misovy
typ*, ktori obhdjil v roku
1991.

V sicasnosti jubilant
ako koordinétor rezortnej
vyskumnej dlohy zame-
ranej na met6dy Slachte-
nia hospodarskych zvie-
rat z hladiska kvality
produkcie v odporica-
nom chovatelskom pros-
tredi usmeriiuje priebeh
rieSenia na jednotlivych
pracoviskach vedecko-
-vyskumnej zdkladne rezortného vyskumu tak, aby ci-
ele zodpovedali domécej spologenskej potrebe a pribliZo-
vali sa tendenciam eurépskych Stitov s vyspelou cho-
vatelskou technikou, o mu vytvira nevyhnutné
predpoklady na bezprostredny neformélny kontakt s ri-
adiacimi orgdnmi vSetkych stupiiov, s polnohospodar-
skou prvovyrobou, sluZbami, ale aj vedeckymi praco-
viskami v zahrani¢i.

Jubilant vo svojom osobnostnom profile harmo-
nicky zladil funkciu vedca, koncepéného pracovnika
i prognostika v odhade perspektiv chovu oSipanych
a smerovania Zivoci$nej vyroby. Je €lenom komisie pre
obhajoby kandidatskych a doktorskych dizertanych
prac. Je $kolitelom aSpirantov a doktorantov, ¢lenom
vedeckej rady VUZV Nitra, predsedom Vedeckej rady
pre chov ofipanych pri VUZV Nitra a predsedom
STachtitelsko-chovatelskej rady pri Zvize chovatelov
ofipanych—druZstvo na Slovensku. Je lenom redakéne;j
rady vedeckého &asopisu Zivoti$na vyroba. Zitastiiuje
sa na praci vyberovych komisii o$ipanych a komisie
pre uznéavanie $lachtitelskych chovov ofipanych. V si-
vislosti s transforma&nymi dlohami v chove oSipanych
je vyhladavanym prednéasatelom a konzultantom pri rie-
eni najroznejSich plemenarskych, technickych a tech-
nologickych problémov praxe.

Za obdobie svojej &innosti vo vyskume obhéjil sém
alebo v spolupraci 59 vyskumnych prac, uverejnil
124 vedeckych prispevkov a 89 prispevkov v odbor-
nych Casopisoch. Podielal sa na napisani 10 publikécii
a 42 koncepcii rozvoja chovu o$ipanych alebo Zivo&is-
nej vyroby. Pod jeho vedenim sa slubne rozvija normo-
tvorna &innost v chove ofipanych a programovanie
hospodiérskych parametrov GZitkovosti.

Za vedecku Cinnost a zasluhy pri aplikicii vedec-
kych poznatkov v praxi mu bolo v r. 1975 udelené rezort-
né vyznamenanie ,,Vynikajici pracovnik v polnohos-
podarstve a vyZive. V r. 1981 obdrZal za vyznamny
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prinos pri §lachteni ofipanych vyznamenanie ,,ZasliZi-
ly pracovnik plemenérstva“ a I. cenu Ceskoslovenskej
akadémie zeméd€lskej za ukon&eni etapu vyskumu.

V popisanom curriculum vitae jubilanta je skoncen-
trovany neobvykle bohaty obsah tvorivej ¢innosti, cie-
Tavedomého usilia v profesii, ale aj dal§ich vychodisk,
ktoré Ing. Poltarsky sleduje pri vedeni tistavu a vycho-
ve mladSich spolupracovnikov, adeptov vedy. Vo viet-
kych jeho podujatiach a zdmeroch Ziari optimizmus,
chut urobit dané lep§im.

Je v tom zédkonitost i kontinuita Zivota. Jubilant so
svojou generdciou a pracovnymi kolektivmi je spoji-

vom medzi minulostou a budiicnostou v chove ofipa-
nych na Slovensku, ktory sa v syntetickom ponimani
spolocenského vyznamu stiva interdisciplinarnou kate-
gériou.

I v dnednej zloZitej situécii v nadstavbe chovu osi-
panych na Slovensku je moZnost stavat na stabilnej
baze materidlno-technickej zakladne chovov a zirod-
fiovat pozndvaci proces. Tento imperativ doby sa sto-
toZiiuje s profilom a Zivotnym krédom jubilanta.

Do takéhoto predsavzatia mu prajeme dalSie ispe-
chy v tvorivej prici, pevné zdravie, radost a rodinnd
a osobni pohodu.

Prof. Ing. Pavel Majeré&iak, DrSc., a kolekttv Ustavu bioldgie chovu a $lachtenia oSipanych VUZV Nitra
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POKYNY PRO AUTORY

Casopis uvefejiiuje pivodni védecké price, krdtkd sdleni
a vybérové& i piehledné referdty, tzn. préce, jejichZ podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Price jsou uvefejfiovdny v estiné, slovenstiné nebo
angliétin&. Rukopisy musi byt doplnény kritkym a roziifenym
souhrnem (v&etn& kli¢ovych slov).

Autor je plné odpovédny za plivodnost préce a za jeji véc-
nou i formdlni spravnost. K prici musi byt pfiloZeno prohld-
Seni autora o tom, Ze prdce nebyla publikovdna jinde.

O uvefejnéni price rozhoduje redak¢ni rada Casopisu, a to
se zietelem k lektorskym posudkim, v&€deckému vyznamu
a piinosu a kvalit€ prdce.

Rozsah v&deckych praci nemd pfesdhnout 15 stran psanych
na stroji véetné tabulek, obrdzki a grafi. V préci je nutné po-
uZivat jednotky odpovidajici soustavé mérovych jednotek Sl
(CSN 01 1300).

Vlastni tiprava rukopisu md odpovidat stitni normé CSN
88 0220 (formdt A4, 30 fidek na strdnku, 60 Ghozi na fadku,
mezi fadky dvojité mezery), k rukopisu je vhodné priloZit dis-
ketu s praci pofizenou na PC v nékterém textovém editoru,
nejlépe v T602, a s grafickou dokumentaci. Tabulky, grafy
a fotografie se doddvaji zvl43(, nepodlepuji se. Na v3echny
prilohy musi byt odkazy v textu,

Pokud autor pouZivd v prdci zkratek jakéhokoliv druhu, je
nutné, aby byly alespori jednou vysvétleny (vypsdny), aby se
predeslo omylim. V ndzvu price a v souhrnu je vhodné zkra-
tek nepouZivat.

Ndzev préce (titul) nemd pfesdhnout 85 dhozt. Jsou vylou-
¢eny podtitulky ¢ldnkd.

Kritky souhrn (Abstrakt) je informa¢nim vybérem obsa-
hu a zdvéru ¢ldnku, nikoliv vSak jeho pouhym popisem. Musi
vyjadrit viechno podstatné, co je obsaZeno ve védecké prici,
a md obsahovat zdkladn{ &iselné ddaje véetné statistickych
hodnot. Musf{ obsahovat kli¢ovd slova. Nemd pfekroéit rozsah
170 slov. Je tfeba, aby byl napsdn celymi vétami, nikoliv hes-
lovité. Je uverejiiovdn a mél by byt doddn ve stejném jazyce
jako védecka préce.

Rozsifeny souhrn (Abstract) je uvefejiiovdn v angli¢ting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovdny vysledky prdce a uvedeny odkazy na tabulky a ob-
razky, popf. na nejduleZit&j3i literdrni citace. Je vhodné jej
(v&etné ndzvu prdce a klicovych slov) dodat v angli¢ting, popf.
v Cedtiné ¢i slovensting jako podklad pro preklad do anglictiny.

Uvod mi obsahovat hlavni diivody, pro¢ byla prace realizova-
na a velmi struénou formou md byt popsdn stav studované otizky.

Literdrni prehled md byt krdtky, je tfeba uvddét pouze
citace majici tzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li plivodnf, jinak posta-
Cuje citovat autora metody a uvddét jen pfipadné odchylky. Ve
stejné kapitole se popisuje také pokusny materidl.

Vysledky — pfi jejich popisu se k vyjddieni kvantitativnich
hodnot ddvd pfednost grafiim pfed tabulkami. V tabulkdch je
tieba shrnout statistické hodnoceni naméfenych hodnot. Tato
¢dst by neméla obsahovat teoretické zdvéry ani dedukce, ale
pouze faktické ndlezy.

Diskuse obsahuje zhodnoceni prdce, diskutuje se o moZ-
nych nedostatcich a prdce se konfrontuje s vysledky dfive
publikovanymi (poZaduje se citovat jen ty autory, jejichZ price
maji k publikované prdci bliZ§i vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura musi odpovidat stitni normé& €SN 01 0197. Ci-
tace se fadi abecedné podle jména prvnich autori. Odkazy na
literaturu v textu uvddé&ji jméno autora a rok vyddni. Do se-
znamu se zaradi jen price citované v textu. Na prdce v sezna-
mu literatury musi byt odkaz v textu.

Na zvl4§tnim list& uv4di autor plné jméno (i spoluautori),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracoviité s PSC, &islo telefonu a faxu, popf. e-mail.

INSTRUCTIONS FOR AUTHORS

Original scientific papers, short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field, are published in this journal. Published papers are in
Czech, Slovak or English. Each manuscript must contain
a short and a longer summary (including the key words).

The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
ed in any other information source.

The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific impor-
tance, contribution and quality of the paper.

The paper extent shall not exceed 15 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout shall correspond to the State Standard
CSN 88 0220 (quarto. 30 lines per page, 60 strokes per line,
double-spaced typescript). A PC diskette should be provided
with the paper, written in an editor program, preferably T602,
and with graphical documentation. Tables, figures and photos
shall be enclosed separately. The text must contain references
to all these annexes.

The title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

Abstract is an information selection of the contents and
conclusions of the paper, it is not a mere description of the
paper. It must present all substantial information contained in
the paper. It shall not exceed 170 words. It shall be written in
full sentences, not in form of keynotes, and comprise base
numerical data including statistical data. It must contain key
words. It should be submitted in English and if possible also
in Czech or Slovak.

Introduction has to present the main reasons why the study
was conducted, and the circumstances of the studied problems
should be described in a very brief form.

Review of literature should be a short section, containing
only literary citations with close relation to the treated pro-
blem.

Only original method shall be described, in other cases it is
sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A sta-
tistical analysis of recorded values should be summarized in
tables. This section should not contain either theoretical con-
clusions or deductions, but only factual data should be presen-
ted here.

Discussion contains an evaluation of the study. potential
shortcomings are discussed, and the results of the study are
confronted with previously published results (only those authors
whose studies are in closer relation with the published paper
should be cited). The sections Results and Discussion may be
presented as one section only.

The citations are arranged alphabetically according to the
surname of the first author. References in the text to these
citations comprise the author’s name and year of publication.
Only the papers cited in the text of the study shall be included
in the list of references. All citations shall be referred to in the
text of the paper.

If any abbreviation is used in the paper, it is necessary to
mention its full form at least once to avoid misunderstanding.
The abbreviations should not be used in the title of the paper
nor in the summary.

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code, telefon and fax num-
ber or e-mail.
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