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RESUMEN

El cambio de la circunferencia abdominal, el peso corporal y
la distancia vulva-cervix fueron utilizados para predecir el número
de fetos de cabras en agostadero. El incremento de peso de las ca-
bras durante la gestación fue de 5,49 ±2,3 y 6,9 ±2,9kg (media
±error estándar) para las cabras con uno o dos fetos, respectiva-
mente. El incremento en la circunferencia abdominal fue de 9,3
±2,9 y 10,6 ±3,3cm para cabras con uno o dos fetos, respectiva-
mente. Al final de la preñez la distancia vulva-cervix fue de 3,0
±1,6 y 3,3 ±1,2cm para cabras con uno o dos fetos, respectivamen-
te. Los análisis discriminatorios de mediciones corporales de 97
cabras mostraron que entre 68 y 90 días de preñez, el cambio de
peso de las cabras fue la variable más adecuada para separar las
cabras según el número de fetos, acertándose en el 62% de las
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Introduction

In small ruminants, nutri-
tional status is very important
during the last trimester of
pregnancy for both mother
and fetuses (Holst et al. ,
1992). Therefore, detection of
the number of fetuses is of
economic value to the goat
industry, because it allows ap-
propriate nutritional manage-

ment of goats with multiple
fetuses.

A number of methods are
available to detect fetal num-
bers in small ruminants,
among which ultrasonography
(real-time, B-mode) is cur-
rently the most reliable, safe,
and commercially practical
method under field conditions
(Fowler and Wilkins, 1984;
Davey, 1986; Gearhart et al.,

1988; Hallford et al., 1990;
Schrick and Inskeep, 1993).
However, the initial cost of
equipment and the operator
skill and experience that is
required makes general use of
ultrasonography prohibitive
for commercial goat opera-
tions under range conditions
in developing countries. Hor-
mone analysis is also a tool
for predicting fetal numbers.
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Ewes carrying twins have
about twice the concentration
of progesterone as ewes car-
rying single lambs (Schneider
and Hallford, 1996; Manalu
and Sumaryadi, 1998; Khan
and Ludri, 2002; Muller et
al., 2003). Pregnancy-specific
protein B (Hallford et al. ,
1990) and pregnancy-associ-
ated glycoprotein (Batalha et
al., 2001) have also been used
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cabras con gestaciones múltiples. Entre los días 91 a 114 de gesta-
ción la circunferencia abdominal permitió identificar dos tercios de
las cabras con dos fetos. Entre los 115 y 142 días de preñez, el
peso vivo de las cabras fue la variable más confiable para predecir
el número de fetos de las cabras. En todos los estadios de gesta-
ción la distancia vulva-cervix fue la variable menos precisa para
distinguir a las cabras de acuerdo al número de sus fetos. Con la
combinación de las mediciones corporales indicadas se incrementó
muy poco la precisión para predecir el número de fetos de las ca-
bras. Se concluye que el cambio en la circunferencia abdominal al-
rededor del día 100 de gestación puede predecir con moderada
exactitud el número de fetos de cabras gestantes en condiciones de
agostadero.

Rogelio Ledezma. Doctor,
Universidad Autónoma de Nuevo
León (UANL), Mexico. Profes-
sor, UANL, Mexico. e-mail:
ledesma210470@hotmail.com

SUMMARY

Changes in abdominal circumference (total and right half),
live weight and vulva-cervix distance were used to predict the
number of fetuses under range conditions. Total body weight
gain during gestation was 5.49 ±2.3 and 6.9 ±2.9kg (mean
±standard error) for single and twin-bearing does, respectively.
The increment in abdominal circumference was 9.3 ±2.9 and
10.6 ±3.3cm for single and twin-bearing does, respectively. At
the end of pregnancy the vulva cervix distance was 3.0 ±1.6 and
3.3 ±1.2cm for single and twin-bearing does, respectively. Dis-
criminant analyses on records of 97 goats indicated that at 68-
90 days of pregnancy, live weight change was the best predictor
variable, with 62% being correctly classified as twin-bearing

does. At 91-114 days of gestation abdominal circumference on
average identified two thirds of twin-bearing does. At 115-142
days of pregnancy live weight gain was again the best predictor
variable for separation of does according to number of fetuses.
In all stages of pregnancy, the vulva-cervix distance was an er-
ratic variable for discriminating between single-and twin-bearing
does. Little precision in predicting litter size was gained by com-
bining pairs of variables. It is concluded that change in abdomi-
nal circumference at around 100 days of gestation is of moder-
ate practical significance for predicting multiple fetuses in goats
under field conditions.
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to estimate fetal numbers in
small ruminants. Again, the
cost of kits and equipment,
and operator skills, are limit-
ing factors to these methods
for diagnosis of fetal numbers
in resource-poor goat opera-
tions.

Detection of fetal numbers
in small ruminants by rectal-
abdominal palpation is a
quick, simple and cheap, but
inaccurate technique (Hulet,
1973; Chauhan et al., 1991).
Besides, the risk of rectal
damage (bruising, abrasion or
perforation) with the palpating
road, and the occurrence of
abortion and death in sheep
(Turner and Hindson, 1975;
Tyrrell and Plant, 1979) and
goats (Ott et al.,  1981) is
relatively high, which makes
this procedure unattractive for
goat owners. Because of the
need of a simple, reliable,
safe and cheap diagnostic
technique for detecting num-
ber of fetuses in goats under
extensive conditions, a tech-
nique of body measurements
was investigated as an alterna-
tive method for litter size di-
agnosis in goats. This was
based on the fact that, in con-
trast to other ruminants, preg-
nant does present a marked
abdominal expansion in late
gestation.

Materials and Methods

Site description and goat
management

The study was carried out
in a rural community settle-
ment in Northeast Mexico

(25º14’N and 101º10’W). The
climate is semiarid with an-
nual precipitation averaging
320mm. Seventy percent of
the total annual precipitation
falls from June to October.
The average annual tempera-
ture is 18.2ºC, and mean el-
evation is 1700m. The study
area vegetation is character-
ized as Chihuahan desert
rangeland. Crossbred goats
(Criollo x dairy breeds) of
different ages, guided by a
herdsman, foraged exclusively
on native vegetation for ap-
proximately 8h daily (from
10:00 to 18:00) and spent the
night in an unroofed pen
made of branches. Goats did
not receive supplemental feed
and had no health interven-
tion. Does were field mated
during 4 weeks in January for
June kidding.

Experimental procedure

Goat body weight, total ab-
dominal circumference, right
half-abdominal circumference
(from the umbilical scar to
the third lumbar vertebra) and
vulva-cervix distance were re-
corded in 97 mixed-breed
does of all ages every 21
days, starting at the end of
the breeding period. Body
measurements were recorded
with a flexible measuring
tape, and the vulva-cervix dis-
tance was determined with
the plastic sheath of an in-
semination gun, with a mea-
suring scale placed internally.
This sheath was gently intro-
duced into the vagina until
resistance was encountered.

This sheath was cleaned,
dipped in an antiseptic solu-
tion, and lubricated with a
water soluble gel after each
measurement. Kiddings, abor-
tions and litter size were re-
corded. Gestation length was
assumed to be 150 days; thus,
the interval between date of
parturition and date of mea-
surements gave the stage of
pregnancy at each measure-
ment.

Statistical methods

Discriminant analyses
(SAS, 1989) were carried out
using the following variables
at different stages of preg-
nancy: body weight, complete
abdominal circumference, half
abdominal circumference
(right side) and vulva-cervix
distance. Linear regressions
were used to describe the as-
sociation between days of
gestation and body measure-

acertando-se em 62% das cabras com gestações múltiplas. Entre
os dias 91 a 114 de gestação a circunferência abdominal
permitiu identificar dois terços das cabras com dois fetos. Entre
os 115 e 142 dias de gestação, o peso vivo das cabras foi a
variável mais confiável para prever o número de fetos das
cabras. Em todos os estágios de gestação, a distância vulva-cer-
vix foi a variável menos precisa para distinguir às cabras de
acordo ao número de seus fetos. Com a combinação das
medições corporais indicadas incrementou-se muito pouco a
precisão para prever o número de fetos das cabras. Conclui-se
que a mudança na circunferência abdominal ao redor do dia
100 da gestação pode prever com moderada exatidão o número
de fetos de cabras gestantes em condições de refúgios de verão

RESUMO

A mudança da circunferência abdominal, o peso corporal e
a distância vulva-cervix foram utilizados para prever o número
de fetos de cabras em refúgios de verão. O incremento de peso
das cabras durante a gestação foi de 5,49 ± 2,3 e 6,9 ± 2,9kg
(media ± erro estandar) para as cabras com um ou dois fetos,
respectivamente. O incremento na circunferência abdominal foi
de 9,3 ± 2,9 e 10,6 ± 3,3cm para cabras com um ou dois fetos,
respectivamente. No final da gestação à distância vulva-cervix
foi de 3,0 ± 1,6 e 3,3 ± 1,2cm para cabras com um ou dois
fetos, respectivamente. As análises discriminatórias de medições
corporais de 97 cabras mostraram que entre 68 e 90 dias de
gestação, a mudança de peso das cabras foi a variável mais
adequada para separar as cabras segundo o número de fetos,

ments. Tests of heterogeneity
of regression were made to
detect differences between
goats bearing single or twin
fetuses.

Results

The results of discriminant
analyses for individual and
combined variables are pre-
sented in Table I. At 68-90
days of pregnancy live weight
change was the most effective
single variable for identifying
twin-bearing does. At 91-114
days of gestation complete
abdominal circumference dis-
tinguished with moderate ac-
curacy the goats carrying
twins (63% were correctly
classified). At 115-142 days
of gestation live weight
change was again the best
single variable for identifying
does carrying twins, increas-
ing precision by 4 percent
points over that achieved by

TABLE I
PERCENTAGE OF TWIN-BEARING GOATS CORRECTLY

CLASSIFIED BY DISCRIMINANT ANALYSIS

Measurement Days of gestation

68-90 91-114 115-142

Live weight (X1) 62 58 66
Complete abdominal 59 63 57
circumference (X2)
Partial abdominal 60 48 47
circumference (X3)
Vulva-cervix distance (X4) 1 22 23

X1 and X2 66 63 62
X1 and X3 68 55 56
X1 and X4 62 28 30
X2 and X3 61 62 64
X2 and X4 58 40 25
X3 and X4 59 33 31
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the same variable at 68-90
days of gestation. In all
stages of pregnancy very little
precision in predicting fetal
numbers was gained by com-
bining pairs of variables to
predict fetal numbers.

The relationship between
days of pregnancy and live
weight change during gesta-
tion is illustrated in Figure 1.
Weight of twin-bearing does
started to increase at day 52
of gestation, whereas weight
of single-bearing does started
to increase at 59 days of
pregnancy. Total body weight
gain during gestation was
5.49 ±2.5 and 6.87 ±2.9kg
(mean ±standard deviation)
for single and twin-bearing
does, respectively. For the
complete abdominal circum-
ference, the test for heteroge-
neity of slopes and intercepts
between single and twin-bear-
ing does revealed that regres-
sion coefficients were con-
stant over groups. Therefore,
a single regression line was
used to describe the associa-
tion between this variable and
days of pregnancy (Figure 2).
From day 55 of gestation un-
til kidding the abdominal cir-
cumference showed a steady
expansion with a total incre-
ment of 9.3 ±2.9 and 10.6
±3.3cm for single and twin-
bearing does, respectively.

In addition, a single regres-
sion line was indicated for the
association between partial ab-
dominal circumference and
time of gestation. In this case,
the right part of the abdomen
started to expand at 55 days of
gestation, with a total incre-

ment of 5cm at the end of
gestation, for both single and
twin-bearing does (Figure 2).
Different to other body mea-
surements, the vulva-cervix
distance in pregnant does be-
gan to increase after day 60 of
gestation (Figure 3). At the
end of pregnancy the cervix
was 3.0 ±1.6cm and 3.3
±1.2cm deeper in single and
twin-bearing does, respectively.

Discussion

Live weight was superior to
all other body measurements
for discriminating between
goats carrying one or two fe-
tuses at the middle and end
of gestation. At 68 to 90 days
of pregnancy the increment in
weight would, on average,
correctly classify 62% of
pregnant does, which closely
agree with data of Burton et
al. (1990) in ewes. At this
stage of gestation the accu-
racy of this method to diag-
nose fetal numbers is close to
the rectal abdominal palpation
technique (Hulet, 1973;
Chauhan et al., 1991; San-
dabe et al., 1994) and slightly
lower than those of plasma
progesterone concentrations
(Gadsby et al., 1972) and
plasma pregnancy-specific
protein B (Willard et al.,
1995). Thus, in order to iden-
tify two thirds of twin-bearing
does, the increment in body
weight should be checked af-
ter day 115 of pregnancy (in
extensive systems, 3.5 months
after the end of a 30 days
breeding period). Considering
that the greatest fetus devel-

opment occurs in the last tri-
mester of gestation, detecting
the number of fetuses at this
time of pregnancy would al-
low enough time to adjust nu-
trient intake of twin-bearing
does before parturition.

During the present study
the availability of food
throughout the gestation pe-
riod was exceptionally good,
which resulted in a 19% in-
crement in the body weight
of pregnant does. Typically,
this is not the case in North-
east Mexico, where weight
gain of pregnant does is nor-
mally limited or a body
weight loss can occur, in
which case abortion may take
place (Mellado et al., 2001).
Thus, as indicated in other
studies (Richardson, 1972),
live weight increment after
breeding would not always be
a reliable indication of preg-
nancy or fetal numbers under
range conditions.

At 91 to 114 days of gesta-
tion the increment in abdomi-
nal circumference would iden-
tify two thirds of the twin
bearing goats. Thus, this ap-
proach seems to be the most
adequate among the methods
tested, because abdominal
scoring is fast and does not
require equipment or experi-
enced operating staff. At this
stage of gestation the incre-
ment in abdominal circumfer-
ence for single and twin-bear-
ing does was 5.8 ±2.6 and 6.5
±2.8cm, respectively. For
practical purposes, the follow-
ing steps (Burton et al., 1990)
would be necessary to predict
the number of fetuses: 1) esti-

mate the percentage of does
that are likely to bear twins
(e.g. for the present study
47% of the pregnant does had
twins); 2) determine the ab-
dominal circumference of
pregnant does to set a cut-off
point “x” such that 47% of
does have scores greater than
“x”; 3) separate the flock into
two groups, with abdominal
circumferences greater and
less than “x”. If more than
47% of does goes to the
group with higher scores, the
cut-off point “x” should be
increased, if less, “x” should
be decreased.

In classifying the twin-bear-
ing does throughout gestation,
the vulva-cervix distance was
an ineffective method. Be-
sides, this technique requires
that the sheath used for mea-
surements be cleaned, dipped
in an antiseptic solution and
lubricated after each measure-
ment, which is difficult to be
performed by goat owners un-
der resource-poor conditions.

Conclusions

This study determined that
the increment in abdominal
circumference at around 100
days of pregnancy is a
simple, rapid, practical and
safe technique for separation
of single- and multiple-bear-
ing does. However, it would
be expected that only two-
thirds of does would be cor-
rectly classified with this
technique under farm condi-
tions. A follow-up study
whereby pregnant does would
not have access to the accept-

Figure 1. Relationship between preparturition
live weight change and days of gestation for
single- (  ; y= -4.6 + 0.08x; r2=0.58) and
twin-bearing (  ; y= -4.9 + 0.09x; r2=0.61)
does under range conditions.

Figure 2. Relationship between total
(  ; y= -7.5 + 0.014x; r2=0.72) and partial
(  ; -4.2 + 0.07x; r2=0.63) abdominal cir-
cumference  inc rement  and  days  o f
gestation.

Figure 3. Relationship between vulva-
cervix distance and days of gestation in
goats. Y= 0.05x – 3.4; r2=0.62.
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able nutritional level at which
the does in the present study
were, is warranted.
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