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ABSTRACT

Three breeds ot Lavanese sheep are deseribed brietly and data suggesting the segregatom of agene with
e effect on ovulation rate and Liter size are presented Phe three breeds are Tasanese Thin Tul (17T,
Javanese Fat Tl JETY and Semuarang (SEND. the last possthly a substriun of S0 AN thiee brecds hine
mean mature cwve weiphts under 30 K Ovuiation mate s ad litter size did not difter stpnticantly among the
threes all had fiter wzes of up oo & with a mecan tor mature ewes of approvinately 2 Ovulation rate
ranged from i o 8 and Bad an averape widin-breed repeatab Iy ot 8 wirhim season and 08 between
seasons. Withuoreed tepeatubihty of tter size was 335 - 060 Prenatal wrosal m pregrant ewes with
two thice wed tou ot more ovulations averged Y3088 and 8647 oves e seisons Daims it hed at feist
one ovulation vate arhitter size record 23 produced twa proups o danghicrs m approvimately equal numters
one group woth many records 23 and mean ovelaton e and tter size ot 2 03 and 23 respectivedy, and
one proup with ovu'stion rates and hiter sizes of 1 or 2 and correspending means ot 13 ond IS Dams
with ovulaton rat: ar ieen size secords ot only 1or 2 produced dastghters i which over 9090 had reconds
ot onlv 1 or 20 Bstniated entabibines tor the sean of approsamately three ovulation rate or huter size
tecords trem these daugher-dam compartsons exceeded 7 Theae e alt sugvest seyrecatton of Lo dooroola-

rpe gene, one copy of which acreises ovabanon cae by about | 3 and hiter aze by 910 10 Relationstups
hetween durition of estrus and osulation rate, and betseen minge of selease of lntemizing hormone and
number of cggs shed, resemble the pattern in Booroola Mermo more closeds than that s Fmmsh Landrace

or Romenov, sapporiing the hy pothiesis of i mager pene
(Key Words: Sheep, Major Gienes. Ovalation Embryvo Mortahity, Repeatabilus, Hormones

Intrcduction

The Javanese Thin il (JTT breed of steep,
sometimes referred o as Prigngan has been 1e-
ported o have high prolificacs (Mason. 1978,
1980 Ohst et al. 1980; Fletcher et al., 19820,
This characteristic or Indonesian sheep s not
surprising. i view of the fact that tvpically
these animals e kept i saall Hocks in ciose

"The authors express therr apprectation to Fatael

Sttomorang . Subandry o and Kolt Jensen for theor ceatribu-

tons o this project supporied by the Smatl Ruminants
Collaborative Res Support Program, U.S. AID Grant
DSAN NI 040 the Dish Agr Inst | and Coop Y Sery
Uiy ot Calitorne

Dept ot Aman Ser. Uneyof Califernie, Davis, (A
YAOI0USA Address for reprint requests

The Ap e Cirange. Bunsany. Coo Meath, Treland

Balar Penchinan lernakh. PO Bov 123, Bogor -
donesna

Coop bt Serv L Oland, CA 93963

“T930 Sanes Drive, Ubtali, CA 95482

Recerved August 30, Juxs

accepled Februars 40 1986

+18

assoctation with human nouscholds, characteris-
tic of the conditicns i which most, i not all,
prolific breeds of sheep have heen found.

In the carly stages of i vescarch program de-
stgned to charactense performancee traits of In-
donestan sheep. we confirmed the existence of
highiv: prolific ewes in the JTT breed. but a
notable aspect of tos finding was an exeep-
tonal variablin wmong coes s lter size
birth. For example. the proportion of quadruplet
births reached 1070 o more in groups with o
mean lter size of 19 w0 200 There alse ap-
peared 1o he o high repeatabihiny of Tter size.
These observations are churactensoie of w popu-
lation m wlich the Boorooia vene tor ngh ovu-
lation rate i segrecaimg (Piper and Bindon.
19821 We deaided theretore o obtam imforn-
tron on ovulation rate and o examine the mode
of inheritance of oy statton rate and iter size in
Fnvenese sheep

Fhe ammuals used were w croup ot JTT ewes
inan expertmental flock maintamed by the In-
donestan Animal Production Rescarh Institute
IBPT) a the Creadas Station neir Bogor, West
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Java: the flock also contained Javanese Fat Tail
(JFT) ewes ana a small group of ewes irom the
Semarang arca of Central Java (SEM). and
these two groaps were also included m the
study. Preliminary summaries of portions of
these data have been reported elsewhere (Brad-
ford ¢t al., 1983: Inounu ct al.. 1985 Sitorus ct
al.. 9831 We report here the mean and repeata-
bility Tor ovalation rate and litter size of the
three groups of ewes, duration of estrus and
some endocrine parameters, and discuss the
mode ol inheritance of the unusual prolificacy
of the Javanese breeds suggested by the results,

Materials and Methods

The Cicadas Station is located 45 km north-
cast of Bogor towards Faharta, at an clevation
of 63 m. htitude 6°S ond longitude  106°E,
Mean maximum and mimmum temperatures at
the Station are quite unitorm throughout the
vear, with monthly ierages ranging from 32 1o
M5 Cand 21 o 22 Corespectively. Mean rain-
Gl €197 1 1o Tusd) v eraged 350 w0 400 mm per
month from December through Aprils about 300
mm cach in My, October and November: and
180 10 220 mm per month from June through
September.

Sheep of the JTT bread. Garut strain. were
purchased from the Carat region of West fava
and brought o the Station in 1978 and 980, At
the thine the tirst measures of ovalation were
made in 1983, there were approximately 90
breeding-age JTT cwes in the tlock, one-halt
representing purchased ewes and one-half repre-
senting vounger cwes born in the flock in 1981
and 1982, In addivon. there were 37 mature
JET ewes. purchased in Apred 1981 and 13 of
their daughters bom i 1981 and 9820 and 18
Sentr. ng ewes purchised i late 1981 and 4 of
their daughters. The JET and JT ewes had all
been at Cicadas tom 1980 or 1981 on or from
pirth. while the semarang ewes had been kept
at o simidar station in the region unti! December
(982,

The JIT stmon. as the name implies, s
characterized Inoa relatively narrow il of
medimm Ienath, Some aninals show evidence
of Fat Tadl ancestey, o ihat e base ol the tail
is appreciably wider. Coat color is usually
black. white. o combination of the twor white
with blach creles around the eye wnd somie
black spits on the body s o common pattern.
Brown spoiting and the blockbelly pattern oceur
at low [n quencies Males wre horned: tams of
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the Garut strain are frequently used for ram
fighting, a popular spectater sport of the Garut
region. The carless gene oceurs at guite high
frequency, cspectally inthe Garut strain, and
thus car length phenotypes include normal,
short car and carless, corresponding to homozy -
gotes for the normal car allele. heterozygotes
and homozy gotes tor the short earallele, respec-
tively, The animals typically are partially 1o
completely covered with a mixture of wool and
kemp, which in the wanm, hunid climate of the
country terds to be severely cotted. The amount
of kemp and presence of partially wooltless ani-
mals suggest some hair sheep ancestiy,

The JFT strain inits purest torm is found on
the island of Madura in the castern part ot In-
donesia, 1t is also the predominant type in East
Tave (Mason, 1978), while a wide range ol ad-
mintures of FUT and T tvpes exists in Central
v The JFT animals in this tlock had been
purchased in Gratr, East Java. They included
apparently pure Fat Tl, with rthe large. heavy
tadls chiaracteristic of this type, and mdividuals
that appeared o have some Thin Tl admistore
Al had the white color characteristic of the JEFT
breed. Javanese Fat Tail males are polied. and
sheep of this strain show more evidence of hair
shiecep ancestry than the TTT breed. with some
TFT animals being completely free ot wool at
maturity, although most have Tecees similar o
those described tor FET sheep. Ear dength s
norml.

Sheep of the Semarang strain are white, with
refativelyv thin tals and en average smaller stat-
ure than either of the other two strains. Males
are horned and car length is norml.

The sheep were housed at afl times in ransed
houses with slatted floors, with fresh-cut forage
brought to them daily. The principal torage ted
wis Napier grass grown on the 5 Ha Cieadas
Station. Tris was supplemented with various
species of Tocal grasses tracked i during the
dry seisen, usually June through September or
Octooer. when the forage growth on the Station
was ielequate to meet needs of the flock. A
concentaate  supplement. consisting of 604
corn. 23% rice bran, 10% coconut meal. 2.5
bone maae, 135 saltand 197 Timestone was ted
in ameunts rangtag from 100 to 380 ¢ per head
per d. depending on production status of the
ammuls and on forage supply and qualits.,

During the period from acquisition ot the
first animals to September 119820 voung ewes
were mated as they reached approximately 19
Ku. and all ewes were mated directly alter wean-
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ing their lambs. In preparation for measurement
of ovulation rate. mating was suspended on Sep-
tember 1, 1982, leaving all cwes open as of
February, 1983, Al ewes over Yo ol age were
treated with vagina! sponges containing 60 mg
medroxyprogesterone acetateon April 4, 1983,
The sponges were removed on tie morning of
April I8 and the ewes were weighed on the
following day. Ewes were checked twice daily
tor estrs with vasectomiized rams from April
[9. Ninety to 1009 of cach of the three groups
came in estrus following sponge removal, with
the Targest number on d 3 in cach group. Of the
46 which came i estrus, B 10045, 320 3 and
o were inoestras on L through 6, 1espec-
tively. Endoscopies to count corpora futea (C1
were performed onall ewes, including
that had not shown estrus, on April 27, 28 or
29, Estrous checking was continued and ewes
detected e estius were hand-nited 10 one of 16
ditferent ST rims. at the nextestrus. More than
SO%% ol all matings vceurred on Min 7.8 and
Y. Most ewes recenved one seivice only, when
hirst detected inoesttus. Al were re-
examned tor ovulation rate on May 12 Al en
doscopies were performed by one person

those

CWES

Aosubsamiple o A8 ewes, 20 UL 20 T
and 12 Semarang. including eweswath 12 and
3or more ovulations at first estrus withim cach
hreed and balanced by age o the extent teas
ible. were selected Tor @ study ot duration ol
estrus and 1o characterize the pre-ovulators 1H
discharge. Ewes were cheehed Tor ostrus evens
2 h beginning on May A0 AS Soon s iewe s
observed mestrus, blood samples were col
feated at 20 intervalds from ajueadar vem into
evacuated tubes contimng EDTAL The time of
cessation of estrus was established by continu
g testing at 2-hantervals with the weaser rams
until at feast two tests contirmed that the ewe
would notaccept the ram. The duration of estrus
was deternimed using the same protocol e 18
additional - ewes The blood
chilled i tced waters alter centrifugation the
plasia samples were stored at 20 C until as
saved for lutemizing harmone (FH),

Plasma 1 H concentrations were determined

samples  were

in-duplicate 200-pd aliquots o single assay
using o hquid phase doeble antibody radioim-
munoassay CAvenell et al 1985y The sensitiv-
ity of the assay was .05 ng tbe and intra- and

Uppobn Coo Kalamazoo, MIL
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ter-assity coetficients of variation for levels of
2.5 and 8.8 ng/ml were 13 and 1%, respec-
tively. The results were expressed in terms of
NIH-HL-15. The overall mean LH concentra-
tion in the two samples taken following termina-
tion of estrus was 2.6 ng/ml (SD = 2.4) and
the L ovulatory L discharge was considered
to have commenced when the LH coneentration
exceeded 1000 ngant.

Blood siples also were taken from 109 and
92 ewes on thie morsing of d 10 and 11, respec-
tsely, ot the evele in which the ewes were
mated. Tor progesterone assay. The objectives
were o establish mean progesterone levels (or
these sheep and o determine i there were
higher progesterone levels in the ewes with ova-
Lation rates of 3 to 5. Plasma progesterone con-
centrations were determined using i conven-
tional raioimmunoassay with extraction into
hexane, o tritated progesterone label ¢, 2, 6,
71 Progesterone, TRKAT3. Amershain) and
a charcoul dextran separation step (Avenell et
al.c TURS) The sensitivity of the assay was 01
ng il and the withim-assay coctficient oi vari-
ation for a plasma pool containing 2.25 ng/ml
progesterone wis 79,

Eawes were not chiecked Turther tor estrus
atter the carly May matings, so only those con-
cening wt the one cvele Lambed. They were
howsed e small groups under close supervision
at Tambing tme to ensure a valid coant of lambs
born to cach ewe and henee as accurte an esti-
miate e possible o prenatal survival,

Fallowing weaning of the Lunbs, the same
croups of ewes were again svnchronized and
meted at the syonchronized estrus in the first
week ol February 1984, The ewes were divided
o two groups 6wk prior to the svachronized
estrus and gives two levels of coneentrate sup-
plement. Corpora lutea were again counted by
endoscopie exantination. this time by one of
three persons not including the person who had
done the examinations in 1983, Embrvo surviy-
al by number of Cloowas caleatated for cach
b crop. Where namber of Lunbs born ey-
ceeded the number of CLrecorded 134 of ewes
in the first season, TG i the second), the ¢
count was ancreased o equal Titer size.

I carly June FOS3 1ollowing completion of
the fiest set of matines and ovulation rate mea-
surciments, several and mewsurements
were recorded to provide w more complete de-
scripion oi the sheep in the experiment. A con-
dion score on i F-o-5 seale, with | thinnest
and 3 fattest (Russell et al. . 1969y was assigned

SUOres
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independently 1o cach cwe by three persons,
with the average used as the score for the ani-
mal. Tail length, measured trom the anus to the
tip of the Last cocevgeal vertebri waa il width
and thickness measured a the widest part of the
il were recorded. Mesurements were made
with w tape macasuee. rufer and calipers, and
were reeorded i centimeters. Wool cover and
wool density were seored on i 1-10-9 seale, with
increasing number indicatieg increasing arca
covered, and increasiing average density of the
existing wool cover whatever the arca, respec-
ii\L‘|)

Statistical Analvees. Data were analyzed
using least-squatres procedures (Harvey, 1977).
The models included eed and birth vear where
approprate. The tables of results indicate fue-
tors included i the analvar. of those data. Re-
peatabiiity of ovalation rate was caleulated by
correlation between pairs  of observations,
within cach breed and pooled across breeds. Re-
peatabthty of titer size was caleulated from the
cwe-withim breed and withii-ewe components
of vartimee computed using the method of
Turner and Young (1960, using Wl available
records. onup to sy fambings, tor all ewes in
the experiment

Results and Discussion

Tl measurements and wool and condition
scores e stinntized an table 1 The maodel
used included breed ae b ovear of birth (as a
MCasure Body weight was in-
cluded o covanater it inclusion removed
mmost ol the effects ol ewe age Tor same but not
all varrables.

These data suegest that the Semiang tvpe is
macy mere simihy to the Thin Tl than to the
Fat Tl breed. wath the only significant ditter-
ence between SENE and FTT i the sixotraits
being o shighthy shorter sl The JET ewes, on
the other hand, had longer wider, thicker tails,
aseapected. less woal cover, o less dense

cwe aue)

fleece. and o higher condition score. Based on
hoth body werghis and tail measurements, it ap-
pears the T ewes i this study were of a differ-
ent strinn or iz poorer condition tor both) com-
pared with those deseribed by George (1982).
The reason tar the signiticant ewe age effect
on Ll length. independent of body w cight, s
not clear, but it may imdicate that il length
continues to increase with age. whether or not
the ewe gams werght, The eftect of age on wool
cover scare. independent ol weight, s consis-
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tent with the observation that older ewes have
less wool,

Litter size recorded in the flock prior 1o the
start of the present experiment is summarized
in table 2. as an indication of the prolificacy
level of the three breeds. The data lustrate the
variability of litter size of the JTT group. par-
teularly as they mature. Data on the other two
breeds are himited. but the JIFT data suggest a
prolificacy approaching that of the JTT, when
ewe age s taken into account. This is consistent
with the results reported by Obst et al. (1980,
The older group of original IT'T ewes contained
adew very prolific individuals, including a ewe
that produced 25 Tambs clitters of 3, 3, 6,44, 5
and -H b v I is possible that sampling vari-
ation, as well as age, s invelved in the difter-
ence between this group and the other age
groups. although Mason (1980) also reported
much higher mean litter size for mature than for
voung ewes of this breed. T s of interest o
note that even in this group, with o mean litter
size of 2,47, single births are the most frequent
r:hass.

Observed means for body weight at sponge
removal and ovulation raee at fiest and second
estrus are presented in table 3 by ewe breed and
age. The data were analvzed within breed and
combined. using models including birth year
only and birth year plus body weight as a
covariate, and including breed for the combined
analysis. The eftect of hody weight on ovulation
rate. with birth year i the model, was not sig-
mficant m five of the six breed -~ estrus period
groups. Birth year eftects on body weight and
ovulation rate were significant, withm breeds
and overall. Breeds differed significantly i
body weight, with JTT heavier than the other
two, hut the three breed groups did not difter
significantly in ovulation rate at cither estrus,

There are severul points of interest i these
results. First is the wide vartabilin m ovulation
rate i all three breeds. with up o four CL even
in the small sample of Semaring ewes. A sec-
ond item s the large age effect; numbers of
very young ewes were snidl. but the pattern of
low mean ovulation rate for T-yvi-old ewes was
similar inall three breeds. A third point of in-
terest i the high ovulation rate of the mature
JTT ewes, consistent with the high litter size
recorded carlier for these ewes (table 2).

Ovulation rate and body weight data for the
February 1984 mating scason are presented in
table 4. The mean ovulation rate at the syo-
chronized estrus in 1984 wus similar (o that at
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TABLE | LEAST-SQUAKES MEANS ADJUSTED FOR BODY WEIGHT. FOR TAIL MEASUREMENTS. WOOL AND CONDITION SCORES FOR
EWES OF JAVANESE THIN TAIL OTT JAVANESE FAT TAIL OFT) AND SEMARANG (SEM) BREEDS OF SHEEP

(444

Tl Wool scor.
ftem Nov Length, om Width. ¢m Thickness. em Coner Densaity Condition score”
JTT TY 19.3 3.6 2.7 67 7.3 2.0
IFT 44 229 0.2 hN! 59 6.6 23
SEM 19 17.5 5.5 R 63 6.9 2.1
Ditterences

JITF-IF1 - 3.64°" = .63 -2.37% Y hts LT3 = 32»*

JTT - SEM .70 6 S .22 37 - .06
Regressionon body with - SE) 26 = 083 BRI R L 09 = 018 -.0f = 027 04 =022 = .07 = QOg**®
Effect of birth vr NS NS e NS NS
Restcuad vatanee 0.9} 2.26 56 175 1.20 16

TV L QY040 vad

“Subjective seores s To-9 scaler area vovered ard density increasing with increasing score,
“Eeio-3 scales condition increasing with seore.

“Sigmiticance determimed by Bonterront

NS nenmamticant P05

oo
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the corresponding estrus in 1983, The two levels
of supplementation had no effect on body
weight and orly a smull effect on ovulation rate
{Inounu et al.. 1985).

An interesting feature of the ovulation rate
data is the exceptionally high repeatability com-

423

pared with that in other breeds (e.g., Hanrahan
and Quirke, 1985). The results are summarized
in table 5.

Correlations between the two measures of
ovulation rate at conseeutive cycles in the first
season were 2,80 tor cach of the three breeds.

TABLE 20 LITTER SIZE OF THRER BREEDS OF JAVANESE SHEEP (1979 10 1982)
Latter seyuence
Ist 2nd Ard and later

ltem Litter size: | 2 K ! 2 3 ! | 2 ki i 5 6
Favanese Thin Twl

No.hitters 26 17 5 17 15 6 h 12 v 7 8 | |

Mean I 34 1.98 247
Javanese at Vad

Noolitters 16 13 2 7 5 3

Mean 1.55 1.73
Semarang

No_hitters 12 3

Mean 1.20

TABLE 3 OBSERVED MEANS FOR BODY WEIGHT AND OVULATION RATE BY AGE OF EWE
FOR THREE BREEDS OF JAVANESE SHEEP (1983)

Lwe No. Cl. Isteyele No CL 2nd evele
Birth No wi,
Yeur Cwes hy 1 2 R) 4 5 Muun | N 3 4 5 Mean
Favanese Thin Tl
579 Is 29.0 4 2 44 | 21 3 2 s 4 2 Zud
S0 RN 230 15 9 4 1.61 noon N 3 (0]
| 24 211 I 8 3 1.50 1 9 REER 1 K%
hid 7 17.1 5 | | 1.43 S | | 143
Total 73 RE 8 20 12 4 | 1.80 o2 1wy 2 208
Frror mean
suare 14.6 .79 ]
Lavanese Fat Tail
80 2 249 [E I 8§ 2 2.03 v g 3 | 2.28
hY| 5 19.9 6 | I 1.38 6 | | 1.39
52 4 17.1 4 1.00 4 1.00
Total 44 232 21 12 9 2 1.82 19 12 9 3 | 1.98
Frror mean
squiase’ 16.7 11 97
Semaring
X() I8 22 8 7 2 1 1.78 S 8 4 1 2.006
82 R 16.3 3 1.0 2 | 1.33
Total 21 203 hl 7 2 1 1 67 7 9 41 1.95
Error mean
square 131 .69 o7

“From analyses inctuding birth vear in the model,
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TABLE 4. OBSERVED MEANS FOR BODY WEIGHT AND OVULATION RATE BY AGE OF EWE FOR THREL
BREEDS OF JAVANESE SHEEP (1984)

LEwe No. ewes with CLcount
Birth No. weight, Mean
yeaur ewes hy 1 2 1 4 5 o L
Javanese Thin Tl
S50 48 27.0 2] 19 O 2 1.77
sl 32 231 17 12 3 1.601
N2 13 21.0 4 7 | 1 192
Javanese Far Tal
<80 RR} 26.8 1 14 7 | 1.97
b 11 211 10 | .09
N2 4 A 4 .00
Sceunirany
30 16 23.5 8 6 2 1.63
N2 R 191 3 1 On

Inclusion of birth vear in the model used for
analysis of the data reduced these only slightly,
and the pooled average. considering birth year,
was LSOL Including body weight as a covarite
reduced this only margmadly, to .79, This high
repeatability s also clearly evident tfrom the
joint distributions for the two eveles ttable 6);
hreeds are combined in this table, because of
the simubarity of the repeatability estimates. As
may be noted from this table, 95 of the 140
cwes had adentical ovalation wtes at the two
cveles. and of the 31 ewes that had three or
more CLoat first estrus, 28 had three or more at
second estrus. Repeatanlity is high for all ovu-

JABLE 3 REPEATABILITY OF OVULATION RATE
IN THREE BREEDS OF JAVANESE SHEEP
WITHIN AND BETWEEN SEASONS

Observations correlated”

lation rates. including one and two as well as
the higher multptes. It exvees with o CLcount
23 are excluded. the repeaabiliny within the
tirst scason was 04 and between the tist and
second seasons was A and S based on tise
and second ovalation rates moscason Toespey
tvely. As indicated by the repeatailines m
table 5. the correlation was not quite as high
hetween seisons, possibls i pant because ol
the two nutritional treatments deseribed carlier
However, of the A cwes measared mthe sec
ond seison that had had at feast one ovulation
rate record 23 a0 the Fiest season, 21 were 23,
17 were 2 1
the second season. Only three eswes that had not
had w record 23 in the tirst season had three

2 and only two had records |

the second season.
Repeatability of Titter size. estimated from a
within-breed analyvsis ol 376 records ot 1260

FABLE 6. JOINT DISTRIBUTIONS OF OVUT ATION

tree R 3 ) T A 1T Ey T ANy L p A o
Breed -1 2 ' 2 RATE AT FIRST AND SECOND CYCLES
No 1 No ' No I (MAY USRS THREE BREEDS CONEBINED)
" s s 7S o No CL 2nd e
HEE ERE R Y 43N0 No. L.
SEM 21 S0 19 ) 19 77 Istevele | 2 3 ! 3
Al (R 13 m 133 .66 —_
i 33 14 3
. 2 28 ’ i
I and 2. observitions at consecutive eyeles in season 3 3 m " |
I, a0 season 2 4 3 ! |
“Estimate trom analysis with breed and birth year in the S I

model.
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ewes, wis L35 00 00, The estimate from the
first two records of these ewes was W32 - 08,
from analysis of variance. and .35 by simple
correfation. These values may be contrasted
with estimates ranging from .03 10 .24 reported
by Huanrahan and Quirke (1983) for a number
ot ewe breeds i brefand L and an average within
Lroup value of
vroups (Dzakuema et al L JO82).

Fhe relationship between prior litter stze and
ovubation rate e the fist reason was very high.
OF 19 ewes with two or more lambings that had

A7 Tor severad crosshred

previowsty given it o inplets or more, 18
had thice o
cycles, The eawe that had had 235 Lumbs i sis
Fambimes was the ondy one. out of 110, with ¢,
counts of Snbath eveles i T98300 33 cwes
that had previoushy viven buth o singles or

more ovulations moone or hoth

s ondyom two o e lambmes. 27 had an
ovulatien rate =2 m both aveles This close e
Fiionship between prior hinter size and current
o tttion rate vonttasts with correlations of 03
o B tound e theee Breeds by Hanrahan and
Quithe Ci9sy e hese esndes mdicde w hagls re-
peatabiline of ovelation rate between season- m
the Favanese sheepand albso sueeest o hieh pre
matad sarv vl ate

Fernihine. prenatal survival rate and hitter size
tor the 19N nd TUSS scasons wie stmimarsed
m table
At seasons tollowmye matmy at one estros onls

Overdl terohiey of mated ewes m the

and st amele SeIV e T most Gises, s
N
steresamd escusion ob mates of this ram einves

AMatimgs

e ot the 1o ams used was apparenthy

domean el estonale o N9

the secomd season were e the estrus
meditely followme sponee wiharawal, and
terbliny s somewhat Tower. "2 overat! at
\naddinonal 191

L al o subsequent oele

the one cule Lunbed 1o
resulinge i an
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for survival of two to five ova, respectively.
Among those who have examined prenatal sur-
vival for ewes with up to four or more corporn
tutea, Ricordean et al. (1976, 1982) have re-
ported simularly high rates tor Romanov and
Romanov cross ewes. Meyer (198350 reported
above-average values Tor Booroola cross ewes
and G B Bradtord and Lahlou-Kassi funpub-
tished) have found high values tor the D' Man
hreed. On the other hand, survival for twin ovu-
fations v several non-prolific breeds, ¢, Ber-
nichon (Ricordean et al., 1976). Romney
(Meyer, T985) and Targhee (Bradiord, et al.,
TIS6) are equal o or lower than the estimate of
S>3 while the Border Leicester Romney
cross was sigmiticantly higher than contempo-
rary Ronmeys in this respect (Mever, [U83),
Collectively, the data availuble suggest that pro-
e breeds and crosses, with the possible ea-
ception of the Finmsh Landrace, have higher
prenatal survival rates than the wverage of the
hreeds providing the data for Hanrahan's (1082
summary. The different breed estimdes cited
here are. of course. confounded with environ-
mental difterences: however, there s nothing
obvious in the nutritional or environmental con-
dittons for the sheep in the present study, or for
the D'NMan sheep in Morocee (G EL Bradford
and Luhlou-Kassio unpublished) that would lead
one 1o espect supenor prenatal survival for
these breeds, Wthere is areal difference i pre-
natal sarvival m Favor of prohific breeds. a pos-
sible explanation 1s that there has been greater
apportiamity - tor natural selection for prenatal
survival i breeds with high ovulation rate

Giestation period toy the ewes that Lunbed 1o
fst service moseason 1as summarized in tible
S The overall observed mean ol 148.7 (s sinii-
lur to that of many breeds. and not shorter than
tprcal of the species. as 1 the case for at least
twoo prolific breeds, Finnsh Fandrace and
Romanov The  difference among the three
groups was sienthicant, with the JTT breed
havene o longer gestation than the other two
breeds by about 13 d0 The ettect of liter size
W ot stemficant. There was essentially no
ditference among liter sizes one to three: gesta-
ton period tor hiters of four amd hive wis
shorter, as has been obsenved previoushy (Brad-
tord et al. 1970, but there were not enough
of these Jitters 1o establish statistical sig-
niticance In general, these sheep appear tvpical
of the species in terms of gestation period, in-
cludme wow coefficient of variation, 1.5 in
this cise.
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TABLE 7. FERTILITY AND EMBRYO SURVIVAL IN RELATION TO NUMBER OF CORPORA LUTEA
Number of corpora futen
z 3 4.5 All Meun
litter
Breed Age.yr No. NL" No. NL kS No. NI ES No NL S No. LY size
May 1983¢
JTT 22 13 10 4 11 100 7 2 100 7 7 77 41 73 2.03
JTT 1.2 14 14 ! H s 3 3 67 3 2 75 a2 9] 1.55
T 22 b N 11 Y 14X) S 6 K3 4 100 3 84  2.08
JFT 1.2 10 10 | ] 100 1 1 1) 12 100 1.25
SEM Al 7 6 9 8 88 4 3 100 1 ! 100 21 86 1.88
Total 52 13 46 9 96 23 15 87 15 13 84 137 84
February 1984°
JTT Al 38 22 39 a2 89 12 9 539 K} 2 B8 92 71 1.69
T All 25 20 15 13 96 8 4 83 18 77 1.49
SEM Al 7 5 6 4 88 2 2 104 16 69y 1.64
Totat 70 17 o) 19 91 23 15 89 2 2 88 15¢, 72

“No. ewes mated that had that CL count.

P
Nu. ewes lambed.

“Percent embryo survival in pregnant ewes.

TPercent lambed.

“Season.

9tk

1V 19 a¥o1avyid
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TABLE 8. EFFECTS OF BREED AND LITTER SIZE ON GESTATION PERIOD (1983}

Gestation Gestation
Breed No. period *, d Litter size No. period®, d
JIrT S0 148.5 = .58¢ | S2 [48.4 = .33
JFT 38 146.9 * 57 2 42 148.8 = 37
SEM 18 147.0 = .72 3 12 148.6 2 .65
4 N 146.7 -+ 1.01
5 | [44.6 = 2.27
“Breed effect (P<2.01).
"Litter size effect (P = 14).
“Least-squares mean + SE.
Inheritance of Ovudation Rate and Liner — effect on prolificacy.  Differences  between

Size. As indicated in the Introduction, some
characteristics of the carly data on these sheep
raised a question about the possible segregation
ol a Booroola-type gene (Davis et al., 1982;
Piper and Bindon, 1982, 1985). The high re-
peatabilities for ovulation rate provide support
for this hypothesis. The fact that exceptional
swes,in terms o repeated high ovulation rate
and fitter size. were found in each of three
breeds. wmong which there has no doubt been
some opportunity for gene exchange, is more
compatible with o “"major’” gene explunation
than with the more usual situation for these
traits - of low heritability and additivity in
Crosses.

To provide further evidence relevant to this
question, we compared the performance of
daugaters with that of their dams. The results
are presented in table 9. The 81 daughters in
this table include 68 JTT and 13 JIT ewes: the
pattern of inheritance appeared the same in the
two breeds, and they were combined. Taking
the criterion of one CL count or litter size 23
as dignostic of carrier ewes (Davis et al.,
1982), dams were segregated into two classes.
As expected from the high repeatability of ovu-
lation rate and high prenatal survival in these
sheep documented carlier, the mean of all obser-
vations for ovulation rate and litter size of the
high " 23"") group averaged around 3.0, while
the conesponding values for the low (1. 2™)
group were abont 150 Excluding the record,
cither corpora lutea count or litter size, which
first identified a ewe as “high™ changed the
iesults very little,

The performance of daughters of these two
groups of ewes provides strong support for the
hypothesis of segregation of a gene with large

daughter means in table Y are 39 and 37% of
the difference between dam means, for ovula
ton rate and litter size, respectively, Because
the two groups of dams were mated to the same
sires, this vields estimates of heritabilities of
about 75 tor the mean of approximately thiee
records for cacl tratt, clearly much higher than
the usual estimates for these traits. Egually per-
tinent to the question is the et that the high
group of dums produced two distinet groups of
daughters. in about equal numbers. The first of
these,identitied in the table as high on the same
basts as their dams (one record 2 3, had o mean
performance nearly as high as that of their
dams, particularly considering their younger av-
crage age. The other group, identified solely on
the basts of having no record 22, were virtuelly
identical in mean performancee o the group con-
taining all daughters of low dams. This suggests
that the high dams were heterozygous for the
postulated gene, and that their mates did not
carry it

The difterence between the two groups of
daughters of high dams (table 91 provides a pre-
liminary estimate of the effect of one copy ol
the postulated gene. i.e., about 1.3 on ovulation
rate and .9 on litter size. The difference between
the high and low dam groups is somewhat great-
er, but in good agreement considering that the
high dams were slightly older on average and
had more mature records than the fow dams,
and that the high dams may have included at
feast one homozygote. The difference between
the high and low daughter groups of the Jow
dams is also in good agreement, considering
the small number of high daughters. Davis et
al. (1982) reported a difference in ovulation rate
between  carriers and  non-carriers  of  the






REPRODUCTION IN JAVANESE SHEEP 429

The other two high daughters from low dams
tabie 9) were from dams with three and five
ovulation or litter size records each, One daugh-
ter was sired by aram of unknown parentage
with only three daughters. the other two being
a high deughter from o high dam, and a low
daughter from a low dam. The second was one
ol two daughters (the other a low daughter from
atow dam of o mm o whose dam was the ewe
with 25 Bimbs i siv fambings, It seems possi-
ble that both these rans were heterozygous for
the postulated gene. but the evidence suggests
that none ol the other sires of daughters born in
the tlock was careving the eene. This indicates
the possibiliy: of selection against  carrier
males. Inoview of the heavy emphasis on fight-
g rams m the Garut strain of Thin ‘Tail sheep,
selection of the Jarger singles seems guite plaus-
ible. Tt single-born animals are favored by
breeders of these sheep in their selection of
stres. but sunvival ot at least trplets is such that
the more prolific cwes wean more lambs, tor
which there is evidence from village flocks (In-
ouna ctal.. T9S2)this would represent a model
for mamtaning the postalated gene ot inter-
mudite frequeney in populations of these
sheep.

The high repeatability of ovulation rate for
ewes producing only one or two ovulations,
mentioned  curher. iy not explained by the
hy potliesis ot a Booroola-type gene producing
ovulation rates 2 3 in carriers. A high repeatabil -
Y 1y not characieristic of non-carrier segregaes
from Booroola populiations (Owens and Davis,
PSS Examimation of - daughter-dam  pairs
within this 10 27 population did not reveal
any - ear pattern. as did the analyvsis of
daughters of high and low dams ftable 9). 1
appears that more data will be required to deter-
mine the hasis of the high repeatability of ovu-
fation rates of 1T and 2 in this population.

Fadocrine Studies The release of LH prior
o ovulation was detined interms of the follow-
g variables: 1y interval between the onset of
estius and the beginning of the LH discharge,
2y dwration of the LH release, 31 maximum 11
coneentration: observed and 4 the integral of
the concentration of LH 1 excess of 10 ngml
over the duration of the discharge. The least-
squares breed micans for these variables, to-
gether wath the duration of estrus, eyele length
and plasnia progesterone concentrations on d
O and 11 after the onset of estrus are given in
table T1 for the ewes involved in these aspects
of the study.

The duration of estrus was similar for the
three breeds and there was no evidence for any
association between this trait and the number of
ova shed; the regression of duration of estrus on
ovulatica rate was .7 + 8 WCL(P7-.36). This
contrasis with the results of studies with prolific
breeds such as the Finnish  Landrace  and
Romanov that have demonstrated a positive and
significant refationship between the duration of
estrus and ovulation rate or litter size (Land.
1970, Thimonier and Pelletier, 1971 Hanahan
and Quirke, 1975). However, the result is con-
sistent with the finding that Booroola Merino
cwes have a duration of estrus that is similar o
control Merines (Bindon et al. 1982y, Differ-
ences among breeds in estrous evele length
were significant, with TTT ewes having cveles
of longer mean duration than cither of the other
two breeds.

The mterval between the onset of estrus and
beginning of the pre-ovulatory T H discharge
was similar for all three breeds: classification
of the ewes according to the number of cgges
shed revealed that in the case of the JT1 and
Semarang breeds, this interval increased only
marginally over the range one, two and three or
more cgps shed. Analyses in which ovulation
riate was used as o covariate, however, revealed
asignificant linear relationship between the two
variables. The pooled. within-breed correlation
coetficient for the interval between the onset of
estrus and beginning ot the LH discharge with
ovalation rate was .35, and the corresponding
regression coefficient was 15 = 72 h per egg
shed (P7.05). This regression coefficient s
considerably siraller than nught be expected on
the basis of the results obtained in studies (re-
viewed by Bindon, 1984) in which the interval
between the onset of oestrus and beginning of
the LH discharge was measured in Finnish
Landrace, Romanov and profitic Tle de France
ewes and compared with non-prolific controls.
This interval, however has been shown to be
simitlar in Booroola and control Merinos (Bin-
don et al., 1984, and the present results indi-
cate that the Javanese sheep are intermediate
between the Booroola and other breeds in this
respect.

The duration of the EH release and the total
LH discharge were similar for the three breeds.
Breed differences i the maximum LH concen-
tration  observed were significant. Analyses
wtilizing ovulation rate as a covariute provided
no evidence for any significant association be-
tween this variable and either the duration of
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TABLE 11. LEAST-SQUARES MEANS FOR CYCLE LENGTH. DURATION OF ESTRUS,
CHARACTERISTICS OF THE PRE-OVULATORY LH DISCHARGE AND
PLASMA PROGESTERONE CONCENTRATIONS
Breed
Item T JET SEM Lirror SD
Cycle length, d 16.6 16.3 16.0 N
(68)* (45) (2
Duration of estrus, h 321 342 8.7 7.1
(28) RV} (RL}]
Characteristios ol the pre-ovulatory
LH discharge
No. ol ewes 24 22 12
Interval to discharge, h
Ewes with one ovaiation 8.3 4.7 7.5
Ewes with two ovulations 7.3 8.0 7.8
Ewes with three or more 9.4 9.7 10.3
All ewes 8.4 7.5 8.3 4.9
Duration of release. h 1.1 13.3 12.2 2.9
Maximum LH concentration
observed, ngiml 29.0 23.9 27.0 5.2
Total LH discharged, ngeml 121.1 126.0 1200 324
Plasnia progesterone, nz/ml
D 10 of the estrous eyele 1.20 1.42 1.50 A2
(5% 3N (1
D 11 of the estrous evele 114 127 1.42 A7
(34) (29) (29)

“Number in parentheses represents the number of observations comprising the mean.

the LH release. maximum LH concentration ob-
served, or total LH released; this is in agree-
ment with the results of studies with a wide
range of ewe breeds (Bindon, 1984).

Breed differences in plasma progesterone
concentration on d 10 of the cycle were signifi-
cant, with JTT cwes having lower levels than
cither the JET or Semarang breeds. Differences
among the breeds in progesterone concentration
on d 1 of the cycele, however, were not signit-
cant. The number of corpora lutea in the
ovaries was i signiticant source of variation in
plasma progesterone concentration on both oc-
casions, The mean ( 2 SE) concentrations on o
10 for ewes with one to tive corpora tutea were

1.2 = 43 (N 4014 s AR (N = 37,
4 2 42N = 18), 14 = 26(N = 7)and
1O 284N = 3, respectively. These values
are within the range reported for other ewe

breeds (Quirke et al., 1979y,

General Discussion

Cenfirmation of the existence of the postu-
lated sene would represent apparently the fourth

case of o gene of this nature described recently,
There is the now well-documented Booroola
gene (Davis et al., 1982: Piper and Bindon,
1982, 1985; Bindon, [984); 4 gene with sub-
stantial cffect on litter size in leelandic sheep
{Jonmundsson and Adaisteinsson. 1983); the
present example: and  the Cinmbridge breed
(Hanrahan and Owen, 1985, 1. 1 Hanrahan,
personal communication). Family data on ova-
lation rate in the Cambridge breed are limited
is yet. but the mean, range and repeatability of
ovulation rate for the breed clearly represent a
pattern different from that in most breeds. The
apparent existence of major genes for ovulation
rate in several different populations of sheep
suggest that this may be o trait atfected by genes
maore subject o mutation than had previously
been suspected. The comparative genetics and
physiology ol these mutations are obviously
arcas of considerable scientific interest.

With regard to breeding practice. the exis-
tenee of the postulated gene in Indonesian sheep
should provide a relatively rapid means of pro-
ducing two distinet strains. in one ol which
cwes would give birth to predominantly singles
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and twins, at all ages, and in the other to a high
proportion ot triplets, at least at maturity, Pro-
ducers could then choose the st that gave
the best returns tor their management system.
Management systems favoring cach o these
types appear to exist m Indonesta, and probably
in other topical conntries as well
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