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ABSTRACT

Alpaca gestation lasts approximately 11.5 months, but significant variation exists, and contributing factors are poorly described.

This study aimed to conduct an international survey to assess pregnancy length (PL), based on geographical location. When

available, the survey collected data on embryo transfer, dam and sire identity, maternal age, offspring sex, and time of birth.

These variables were analyzed for their potential effects on PL, cria weight (CW), and parturition complications such as dystocia.

Data from 7049 worldwide pregnancies were analyzed. The global median PL was 346days (range: 270-428; coefficient of var-
iation: 3.37%), with 50% of pregnancies between 339 and 353 days. Median birth time was 11:30 AM (range 0:30 AM-11:30PM).
Northern hemisphere had longer PL (p <0.0001, 345.9-346.7 vs 344.3-345.1days, n=7049), that depended on the country (p
<0.0001). Fetal sex had no impact, but embryo transfer slightly tended to increase PL (p =0.0918). While effect of the dam had
no influence, the sire and the maternal age did (p <0.0001; p=0.0039). No correlation was found between PL and CW, though
season and maternal age influenced both in the northern hemisphere (p <0.0001 for both). Maternal age also affected CW (p
<0.0001). Dystocia rates were not affected by CW, but longer PL slightly tended to increase dystocia risk (p =0.0798). This survey
confirms the median pregnancy length of 346 days and suggests explanations for the wide variability in PL and CW, as sire, dam

age, season, and location.

1 | Introduction

Alpaca (Vicugna pacos) is a domesticated Bactrians, like cam-
els or llamas. It belongs to the artiodactyls order and the tylo-
pods sub-order, which includes the species with pads on their
two toes. Alpacas originate from Peru, where they were primar-
ily bred for the quality of their fibre. Today, they are also kept
as pets, used in animal-assisted therapy or employed for eco-
grazing in Europe, North America or Oceania.

As observed in other Bactrians, ovulation in female alpacas is in-
duced by mating (Riveros et al. 2010; Vaughan and Tibary 2006).
Alpacas can mate and give birth throughout the year (Smith
et al. 1994), but female receptivity decreases and matings be-
come shorter and less frequent during spring in the Southern
Hemisphere (Pollard et al. 1995). In New Zealand, lower preg-
nancy rates are reported in spring (59.1%) compared to autumn
(66.4%) (Davis et al. 1997). The breeding season in the Southern
Hemisphere begins in November and ends in April, aligning
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with the improved quality of pasture necessary for milk produc-
tion and offspring development (San-Martin et al. 1968).

The average duration of alpaca pregnancy is around 11.5 months
(343days), though extreme variations have been reported
(Whitehead 2009a, 2009b), with lengths ranging between
316 and 367 in Australia (Vaughan et al. 2003; Vaughan and
Tibary 2006), and between 320 and 400days in Northern
America (Tibary, Rodriguez, and Sandoval 2008). Such variabil-
ity in pregnancy length (PL) has also been observed in dromedar-
ies (Nagy and Juhasz 2019) and equids (Davies Morel et al. 2002;
Ewert et al. 2018; Kuhl et al. 2015; Valera et al. 2006). While
some factors influencing PL are known in these species, they re-
main poorly described in alpacas. One study from New-Zealand
reported that pregnancies ending in spring were 12.5days lon-
ger than those ending in autumn (Davis et al. 1997), indicating a
seasonal effect on PL. Other factors known to modulate equine
PL like fetal sex, age of the dam, and sire (Ewert et al. 2018; Kuhl
et al. 2015; Rodrigues et al. 2020; Valera et al. 2006) have not
yet been studied in alpacas. Alpacas also seem to prefer giving
birth during sunny days. In their natural environment (South
America), 93.5% of births occur between 7 A.M. and 1 P.M., with
no deliveries observed at night (Vaughan and Tibary 2006). This
suggests that external stimuli may influence the onset of partu-
rition, as seen in horses, where stress can delay foaling (Nagel
et al. 2020).

On the other hand, the relationship between PL and the off-
spring (named cria) weight at birth (CW) remains unclear.
Offsprings born in autumn have been reported to weigh 1kg
more than those born in spring, with an average weight of 7.7kg
in a Peruvian report (Bravo et al. 2009) and of 8.3kg in a Chilian
study (Burton et al. 2003). The birth weight of crias is signifi-
cantly higher if the dam is older than 12years, when compared
to dams aged 2 to Syears (Bravo et al. 2009). Other factors po-
tentially influencing CW, like sire, sex, embryo transfer are yet
to be identified. The CW could also increase the risk of dystocia,
particularly due to feto-maternal disproportion, and the rate of
stillbirth. While such complications are rare in alpacas—with
fewer than 5% of births requiring human intervention (Tibary,
Rodriguez, and Sandoval 2008; Tibary, Rodriguez, Walker, and
Anouassi 2008) - identifying predisposing factors could help in
better monitoring high risk pregnancies.

Using a survey collecting worldwide data from alpacas’ breed-
ers, this study aims to describe the geographical, seasonal, ges-
tational, maternal and paternal factors associated with PL and
CW. The effects of the PL and CW on dystocia and stillbirth
were also investigated.

2 | Material and Methods
2.1 | Design and Diffusion of the Survey

Promotion of the survey was made using worldwide special-
ised groups dedicated to alpaca breeders on social networks.
Breeders were invited to express their interest in participating
in a study on PL in alpacas. In case of interest, the breeders
were then contacted to determine if their retrospective data
documented sufficient items. If they were unable to provide the

localization of the farm, dates of last mating and parturition, the
survey was not sent to them. When such data were available in
the breeder's records, additional questions on general breeding
practices—such as mating procedures or pregnancy diagnosis
policies- were also investigated and the link leading to the sur-
vey was sent by email.

On a worksheet, breeders were instructed to complete one line
per pregnancy that occurred in their farm, since the year 2000.
Besides the breeding farm, its country, last mating and parturi-
tion dates (4 main questions), the survey also collected second-
ary data, when available: CW at birth, whether the pregnancy
resulted from embryo transfer (ET) or not, name (identity) of
the dam to determine a maternal effect on PL or CW and her
age to determine an effect of maternal age on PL or CW, name
(identity) of the sire to determine a paternal effect on PL or CW,
offspring sex, dystocia (including C-section, when applicable),
and neonatal viability. The approximative time of birth (+1h)
was also asked, when available (for a total of 9 optional ques-
tions). When these data were not available, breeders could select
a box ‘absence of data’. The complete file sent to the breeders is
available as additional material.

2.2 | Statistics

Statistical analyses were performed using Graphpad Prism (ver-
sion 9.0 for Mac OSX, Graphpad Inc., San Diego, USA), and sta-
tistical significance was established at p <0.05, whereas p <0.1
was reported as a statistical trend. Normal distribution of data
was assessed with the Kolmogorov-Smirnov test. When data were
distributed normally, Welch corrected t-test or one-way Brown-
Forsythe ANOVA models were used. Mann-Whitney or Kruskal-
Wallis tests were used for non-normally distributed data. Results
are expressed as mean +standard deviation or as median with
minimum and maximum values if they are not normally distrib-
uted. Chi-square test was used to assess associations between
discontinuous data.

Lack of convergence was observed for a general mixed-model
effect including all parameters:

PL ~ Intercept + Hemisphere + Country + Breeder + Month of Birth
+ Fetal Sex+ Embryo Transfer + Paternal effect (Name of the Sire)
+Maternal Effect (Name of the Dam)+ Mother Age.

This can be explained by the lack of answers to the optional
questions described above and by the association (collinearity)
between parameters such as country, breeder and hemisphere.
Thus, several Least Squares Multilinear Regressions models
were performed to determine the primary effects influencing PL:

PL ~Intercept + Hemisphere + Month of birth +Fetal Sex;

PL ~Intercept + Country + Month of birth + Fetal Sex;

PL ~Intercept + Paternaleffect(Nameofthe Sire) + Maternal
effect (Name of the Dam);

PL ~Intercept + Father + Fetal Sex;

PL ~Intercept + Mother Age + Fetal Sex.
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Individual models were then performed to confirm the main
factors identified by these models and to use post-tests to spot
the differences between groups. Mann-Whitney test was used
to compare PL between hemispheres. Kruskal-Wallis test with
Dunn's post-test was applied to assess PL differences across
countries and months of birth. A Mann-Whitney test was per-
formed to observe the difference in PL for the offspring sex and
ET effects. Of the males documented, only those siring more
than ten offsprings were included in the analysis of paternal
effects with a one-way Brown-Fortsythe ANOVA. Maternal
effect was studied on dams with more than 7 pregnancies re-
corded in this study using Kruskal-Wallis test with Dunn'’s post-
test. The mothers were also split into 2 categories according
to their age: below or equal to 6years (<6y) or above 6years
(>6y). As ten individual models (including those addressing
PL effect on dystocia and stillbirth) were used to investigate the
effects on PL, Bonferroni correction was applied, and thresh-
old of significance was adjusted to a q value of 0.005. The lunar
cycle was investigated by dividing the births into two groups
(less than 50% of moon light and more than 50% of moon light)
and using a Chi-square test to compare them with a random
distribution.

Cria weight at birth was recorded, but because of small data num-
bers in some subgroups (e.g., southern hemisphere), the general
model did not converge, and only one Least Squares Multilinear
Regressions was performed to determine the main effects influ-
encing CW in the Northern Hemisphere: CW ~Intercept + Mother
Age+Fetal Sex. Differences in CW were investigated across
months of birth in both hemispheres using Kruskal-Wallis tests.
The effect of dam age and embryo transfer were analysed using
the Mann-Whitney test. As six individual models (including those
addressing CW effect on dystocia and stillbirth) were used to in-
vestigate the effects on CW, Bonferroni correction was applied,
and threshold of significance was adjusted to a q value of 0.0083.

When available, data on birth type, eutocia or dystocia (defined
as the necessity of human intervention), were recorded, as well

asa C-section. Fetal viability at birth and potential stillbirth were
also recorded, when available. Differences in PL and CW were
investigated for eutocia, dystocia, C-section and stillbirth using
Least Squares Multilinear Regressions (PL~Intercept + Fetal
Sex + Dystocia + C-Section + Stillbirth; CW ~Intercept + Fetal
Sex + Dystocia + C-Section + Stillbirth). A difference in CW
between dystocia and eutocia groups was further investigated
with the Mann-Whitney test. In case of dystocia, an additional
sub-question was addressed to determine the cause. Differences
in PL and CW between stillbirth and viable offsprings were in-
vestigated using the Mann-Whitney test.

3 | Results
3.1 | Survey Answer and Breeders' Description

Ninety-seven breeders expressed interest in this study, however
only 48 (50.52%) provided the minimum required information
for inclusion. The selected breeders contributed 7049 pregnancy
records between 2002 and 2024, spanning both hemispheres.
The geographical distribution of the answers to this survey is
summarised in Table 1.

Most breeders assessed female sexual receptivity and man-
aged matings in 20 square meters paddocks by introduc-
ing the male to the female, as previously described (Pollard
et al. 1995), with some breeders assisting the male with penis
intromission. Breeders used the “spit-off” method consisting
in introducing the male in the presence of the female in the
paddock every 7days over a 21 to 60-day period. Female re-
jection behaviour -spitting or kicking 7 days after mating was
considered as a sign that ovulation occurred, and a second
reject at day 14 was taken as confirmation of corpus luteum
activity. This method allowed breeders to precisely record the
mating dates. A transabdominal ultrasonography was per-
formed after two or 3months to confirm pregnancy in most
breeding farms.

TABLE1 | Geographical repartitions of breeding farms and pregnancies.

Northern Hemisphere

Southern Hemisphere

Reported pregnancies

Reported pregnancies

Country Farm number number Country Farm number number
Germany 2 461 Australia 6 2410
Belgium 5 225 New-Zealand 2 162
Finland 1 110

France 5 390

Ireland 1 70

Netherlands 1 366

UK. 14 2984

U.S.A. 5 146

Austria 1 16

Canada 4 600

Estonia 1 60
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3.2 | Pregnancy Length

The worldwide median pregnancy length was 346days (Range:
270-428, coefficient of variation: 3.37%, without information
about the offspring survival for the pregnancy lasting 270days).
Half of the pregnancies lasted between 339 to 353days. The me-
dian time of birth documented for 405 pregnancies was 11:30 A.M.
(Range: 12:30A.M.—11:30 P.M.; n=405), with no significant dif-
ference between northern and southern hemispheres.

Fetal sex was reported for 6815 pregnancies and had no effect on
PL. Neither hemisphere nor dam age influenced the observed
sex ratio of 0.986 males per female. No twin pregnancy was re-
ported. Embryo transfer was performed in 129 pregnancies and
showed a tendency (p=0.0918) to increase the gestation length
compared to natural conceptions reported in the form (n =1725).
The father showed an effect on PL (p<0.0001; n=2708), with
differences of up to 16 days in PL observed between the 68 sires
included, whereas no maternal effect was observed with the 76
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dams included (n=627). Age of the mother was recorded for
only 3224 pregnancies, and older dams (> 6y) had a median PL
1day shorter than the younger (p=0.0039).

Pregnancy length was slightly longer in the northern hemisphere
(346days) compared to the southern hemisphere (345days;
p<0.0001). In the northern hemisphere, births have been re-
corded throughout the year, with the majority (63.61%) occur-
ring in northern summer, between June and August. Pregnancy
length was increased (p <0.0001) when birth occurred during
the late spring months (see Figure 1) and also varied (p <0.0001)
between different countries in the northern hemisphere. In
the southern hemisphere, 60.4% of births occurred during the
summer months—December, January, and February. A signif-
icant effect of the parturition month on the pregnancy length
was observed (Figure 1; p<0.0001). The effect of the lunar cycle
was also investigated on 2535 records, but no significant differ-
ence was observed between periods of low and high moon light
(n=2535).
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FIGURE1 | Pregnancy Length (in days) according to the month of birth in the Northern and Southern Hemisphere. Dots or squares represent
the median of pregnancy length (in days) in respectively southern and northern hemisphere. Whiskers represents quartile 25 and 75 of pregnancy

length. Values of southern hemisphere with different letters® B¢ D are statistically different (p < 0.05). Values of northern hemisphere with different

letters™W: X Y- 2) are statistically different (p <0.05).
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3.3 | Weight of the Crias

The weight of 2708 alive and stillborn crias was recorded,
with a median of 7.6kg (range:3.0-17.7kg) and 75% weighed
less than 8.4kg. The lightest surviving offspring reported
weight was 4.4kg. Newborn males tended (p=0.0168, g-
value =0.0083) to be heavier (median=7.6kg) than females
(7.5kg). No correlation was observed between PL and CW.
However, dam age had a significant effect on CW (p <0.0001)
with dams younger than 6years giving birth to heavier off-
springs (7.8kg) compared to those older than 6years (7.4kg).
No effect of ET was observed on CW. In the northern hemi-
sphere, month of birth influenced CW (p <0.0001), with the
heaviest offsprings observed during summer, in July, August
and September (Figure 2). The number of CW records from
the southern hemisphere was too low to perform a comparable
statistical analysis.

3.4 | Birth Complications

Assistance from the breeder or the veterinary surgeon was re-
quired in 63 births of the 860 parturitions documented (7.33%).
Of these 63 cases, four dystocia led to a C-section (6.35%), yield-
ing an overall C-section rate of 0.8%. Reported causes of dystocia
were abnormal fetal presentation, position or posture, uterine
inertia or torsion, feto-maternal disproportion or fetal abnormal-
ities. No difference was observed in CW between dystocia and
eutocia groups, whereas dystocia tended to be observed more
frequently in longer pregnancies (p=0.0798 g-value=0.005,
349days vs. 347days for eutocia). Fetal sex was not associated
with dystocia incidence.
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Stillbirths were reported in 4.27% of cases, with 71 stillborn off-
springs among the 1663 records that included viability information.
There was no difference in stillborn rates between hemispheres.
There was no significant difference in CW between stillborn and
live offsprings. However, PL was significantly shorter in still-
births (median 339 days) compared to live births (median 346 days;
p=0.0069, g-value =0.0083). The incidence of stillbirth did not dif-
fer between younger (< 6years) and older (> 6years) dams.

4 | Discussion

To the best of our knowledge, this is the first survey to compile
such a large number of alpacas pregnancy records, including
pregnancy length, offspring weight and birth complications.
The observed median PL (346 days) was slightly longer than re-
ported in previous studies, which were based on smaller sample
sizes and conducted in Peru with 341,6days or Australia with
343 days (San-Martin et al. 1968; Vaughan et al. 2003; Vaughan
and Tibary 2006). Half of the PL reported fell within the 339
to 353 days range, but observed extremes (270 to 428 days) were
wider than in previous studies, which were not mentioning if ex-
treme situations were taken into account (325 to 358 and 316 to
367) (San-Martin et al. 1968; Vaughan et al. 2003; Vaughan and
Tibary 2006). Several factors highlighted below, such as season,
geographical localisation, sire, age of the dam, explains a part of
this variation. Misclassification of some abortions as very short
pregnancies by breeders might however explain the unusually
short PL observed in some of the reported gestations, as the off-
spring survival was not reported in these cases. The coefficient
of variation based on our survey data is 3.37%, which is con-
sistent with previous studies that included only 34 pregnancies

AC BCD

T T T T T T
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T T T T T T
July August September October November December

FIGURE 2 | Cria Weight at birth (in kg) according to the month of birth in the Northern Hemisphere. Dots or squares represent the median of
cria weight (in kg) in Northern Hemisphere. Whiskers represents quartile 25 and 75 of offspring weight. Values with different letters®: % ¢ D) are

statistically different (p <0.05).
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(Vaughan et al. 2013). Variation of PL in alpacas is higher than
in dogs, cats, rabbits, pigs, sheep and camels (1.4% to 3.2%)
(Heck et al. 2018) and only horses are currently known to have
similar PL variation, from 2.84% to 3.3% for Arab and Spanish
thoroughbreds, respectively (Valera et al. 2006).

Our data do not show any influence of fetal sex on PL, which is
consistent with a previous study including 162 alpaca gestations
(Davis et al. 1997), and with observations of 4248 dromedaries
pregnancies (Nagy and Juhasz 2019). Camelids seem to differ
from horses, where a male fetus can extend the pregnancy by up
to 7days (Ewert et al. 2018; Kuhl et al. 2015; Valera et al. 2006;
Wilsher and Allen 2003), which could be explained by the spe-
cific equine feto-placental endocrine interaction (Conley 2016;
Conley and Ball 2019; Ledeck et al. 2022). The male-to-female
ratio documented in this survey contrasts with the 51.5% male
ratio reported in dromedaries. Neither hemisphere nor dam
age showed an influence on sex ratio, in contrast to horses,
where sex ratio has been shown to vary with mare's age (Santos
et al. 2015).

Data collected in this survey also tended to show a two-day
increase in PL after ET, in contrast to findings in cows (King
et al. 1985; Lopes et al. 2020) where no such effect was observed.
If these data are confirmed in alpacas, the recipient's endome-
trium reception of the embryonic could be delayed in case of ET,
as this signal appears to be mediated by embryonic estradiol pro-
duction in llamas (Rossetto et al. 2023). Data from this survey
showed that mothers older than 6years have a one-day shorter
PL than younger ones, unlike what happens in mares, where
PL increases with age (Ewert et al. 2018; Rodrigues et al. 2020).
This discrepancy warrants further investigation into the placen-
tal and uterine development and degeneration associated with
aging (Beythien et al. 2017; Bravo et al. 2009; Haneda et al. 2021;
Wilsher and Allen 2003). In our dataset of 76 dams with more
than seven registered pregnancies, no maternal effect (mater-
nal identity) on PL was spotted, whereas there was a sire effect
(identity of the father), with substantial differences observed in
PL medians between males. Similar paternal effects have also
been reported in dromedaries (Nagy and Juhasz 2019) and for
the breed of the sire in cattle (Fouz et al. 2013; Inoue et al. 2017),
but remains discussed in the horse with some studies pointing
a stallion effect (Rodrigues et al. 2020; Satue et al. 2011) and
others not (Aoki et al. 2013; Davies Morel et al. 2002; Ferreira
et al. 2016). The effect of the male on placental endocrine activ-
ity, fetal development, and onset of parturition deserves further
investigation and comparison between new world camelids and
other species.

Geographical location influenced PL in alpacas not only between
hemispheres, but also within the same hemisphere, with differ-
ences observed even among northwestern European countries
sharing similar photoperiod and climate. This country effect on
PL probably relies on breeding farms practices and specificities
(e.g.,: altitude, food complementation, housing during the win-
ter...), but should be further investigated, as these data were not
available in our survey, as a limitation. According to our data,
the month of birth and the season influence the PL in both hemi-
spheres. Early autumn in the southern hemisphere (February,
March and April) is associated with a three to five-day shorter
pregnancy than in September (early spring). Similarly, up to

12days of PL difference was observed in New Zealand between
births of fall and spring (Davis et al. 1997). Pregnancies in the
northern hemisphere were shorter when birth was observed in
autumn when compared to spring and summer, as observed
in horses, where pregnancy is longer when foaling occurs in
March when compared to July (Malinska et al. 2019; Rodrigues
et al. 2020). Additional blue LED light on one mare's eye during
pregnancy has been showed to decrease PL (Lutzer et al. 2022):
this partially explains this effect in horses and should be inves-
tigated in alpacas.

Additionally, our survey also showed that CW at birth increased
during the northern hemisphere summer and declined in au-
tumn and spring, whereas PL peaked earlier, in May, further
supporting the lack of correlation between PL and CW in al-
pacas. These findings are also further in line with reports of
lighter dromedary calves being born during winter (Nagy and
Juhasz 2019). The role of melatonin should be further investi-
gated in alpacas, as it is secreted during the night and known to
be involved in fetal growth. Melatonin receptors have been iden-
tified in the foetuses of seasonal species such as sheep and elk
(Rowell and Shipka 2009; Torres-Farfan et al. 2008), suggesting
a potential regulatory function worth exploring in this context.

Photoperiod and specifically daylight appears critical for the
onset of parturition in alpacas (Knight et al. 1995). The median
time of birth observed in this survey was 11:30A.M. in both
hemisphere, and mainly occurring between 10:00A.M. and
1:00P.M. In a previous Australian study, including lower num-
bers of alpacas (Vaughan et al. 2003; Vaughan and Tibary 2006),
earlier median parturition time was reported (9:00A.M.).
However, breeding management practices, as housing mothers
inside before birth, could also have influenced our findings. In
dromedaries, most of births also occurred during the day, be-
tween 2:00 and 3:00 P.M. (Nagy and Juhasz 2019). Since came-
lids do not lick their offspring or consume the placenta, giving
birth during the middle of the day appears to be critical for the
offspring to dry its coat, locate the udder, and potentially move
away from the birth site (Bravo et al. 1994; Bravo et al. 2009).
Previous studies in alpacas have reported that the early onset
of parturition is triggered by the onset of the darkness rather
than by sunset itself (Knight et al. 1995), and housing the late
pregnant alpacas inside could interfere on this parameter. It has
also been suggested that camelids can delay parturition under
adverse conditions (Aba et al. 1998). Supporting this, some al-
pacas' breeders in our survey reported births occurring just
after rainy morning or even following a brief shower. A simi-
lar ability to delay the onset of parturition has been observed in
mares (Ferreira-Dias et al. 2013), although in the equine, stress
appears to play a more significant role than the photoperiod or
weather (Nagel et al. 2020). Investigating the endocrine (espe-
cially melatonin) profiles of prepartum alpacas could help de-
termine whether stress, weather or photoperiod are involved in
this response.

There is a common belief that the moon could influence the
increase in births in several species. This hypothesis has been
extensively studied in humans, and the results show a lack of
influence (Marco-Gracia 2019; Arliss et al. 2005). However, a
recent study conducted in Japan (Yonezawa et al. 2016), used
retrospective data from 428 calvings in Holstein cattle over a
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three-year period. The results showed that spontaneous calv-
ings increased uniformly from the new moon to the full moon
and then decreased in the same way thereafter. Our study in
alpacas however failed to show significant difference between
periods of high and low lunar illumination.

The median offspring weight reported in our survey was con-
sistent with previous findings from Peru (Bravo et al. 2009).
Similarly, the trend for a difference in CW between male and
female offsprings aligns with earlier results (Davis et al. 1997).
Our data also indicated that CW decreased with older mothers,
which corresponds with our findings on PL. This is however in
contradiction with previous reports suggesting that CW was in-
creasing with the dam's age (Bravo et al. 2009). Further studies
under controlled conditions are needed to confirm or refute this
observation.

Offspring weight and fetal sex ratio did not differ between
eutocic or dystocic parturitions, supporting the low inci-
dence of feto-maternal disproportion compared to abnormal-
ities in fetal presentation, position or posture (Anderson and
Whitehead 2009). Our survey also indicated a tendency for dys-
tocia to occur following longer pregnancies that should be fur-
ther confirmed, highlighting the need for further investigation
into the mechanisms regulating the onset of parturition in al-
pacas, with a particular emphasis on myometrial activity. In our
survey, the overall rate of dystocia was 7.3%, markedly higher
than the 1.6% reported in a Southern American study involving
1660 births (Anderson and Whitehead 2009). This discrepancy
may be attributed to the broader definition of dystocia that had
to be used in this survey dedicated to breeders—as any birth re-
quiring human intervention—which could include cases where
breeders intervened prematurely due to stress or inexperience.
The veterinary reports were unfortunately unavailable for each
case of dystocia and breeders' records were the only information
available, as a limitation of the study. The incidence of C-section
was very low (0.46%), consistent with North American reports
describing that this procedure is performed in less than 5% of
camelids births (Tibary, Rodriguez, and Sandoval 2008).

Stillbirths accounted for 2.7% of cases in our survey, compared to
6% reported in the literature (Bravo et al. 1994; Bravo et al. 2009).
Offspring weight did not differ between live and stillborn births,
contrasting findings in dromedaries, where stillborn calves are
typically lighter (Nagy and Juhasz 2019). However, CW was
only recorded for 10 of the stillborn cases in our survey, limiting
the strength of this comparison. Our data also showed shorter
PL in stillborn cases compared to live births. A similar pattern
has been observed in dromedaries (Nagy and Juhasz 2019),
where shortened gestation was linked to fetal stress triggering
parturition, but this could reflect misclassification by breeders-
confusing stillbirths with abortion.

5 | Limitations of the Study

This study is based on survey data and therefore relies on the
accuracy of breeder records. Participants were however selected
based on the documented quality of their record-keeping prior
to inclusion, what could induce a second bias: the good student
effect. The dataset received for this study is coming from the

best managed alpacas’ breeding farms, inducing some biais,
e.g., the high rate of human intervention during birth, leading
to a high rate of dystocia. Thus, some categories—such as dys-
tocia vs. eutocia, or stillbirths vs. abortion, depending on the
breeder's experience, but not on veterinary reports—should be
carefully interpreted as they may introduce a degree of misclas-
sification. Some additional data about breeding farm specifici-
ties and management, such as altitude, food complementation,
housing during the winter or housing of the ready to give birth
dam should be collected in the future to give new insights to the
upcoming studies investigating alpacas’ pregnancy. Some con-
tinents are also underrepresented, such as Asia and Southern
America, what is regrettable for alpacas, where they are orig-
inating from: answers from these countries were very scarce
and data were leaking, limiting their use in the present report.
Additionally, different scales used to measure the offspring
weight may have introduced minor measurement bias, although
this was considered negligible.

6 | Conclusions

This international survey, based on over 7000 alpaca pregnancies,
confirms a median pregnancy length of 346days in alpacas and
underscores the wide variability in gestation length and offspring
birth weight, while offering suggestions for the primary contribut-
ing factors: sire effect, dam age, season, and geographic location.
Some other factors like altitude, nutrition and housing should how-
ever be further investigated. Unlike other domestic species, the ab-
sence of fetal sex influence on gestation duration or birth weight
suggests species-specific endocrine dynamics in camelids. The
consistent timing of parturition during hours of daylight further
indicates a strong environmental sensitivity, particularly to pho-
toperiod, aligning alpacas more closely with other photoperiod-
responsive species like equids.

These findings open valuable avenues for improving repro-
ductive management in alpaca herds through a more tailored
approach, considering individual and environmental charac-
teristics. Future investigations should delve deeper into the sire
effect on gestational development, the uterine changes associ-
ated with maternal aging, and the endocrine mechanisms that
regulate parturition onset. By revealing the complex interplay
of physiological and environmental factors governing alpaca
reproduction, this study lays the groundwork for advancing
evidence-based practices in camelid husbandry.

Author Contributions

Jérome Ponthier: conceptualization, data curation, formal analysis,
funding acquisition, investigation, methodology, project administra-
tion, resources, software, supervision, writing original draft, writing
review and editing. Marc Lambert: conceptualization, data cura-
tion, formal analysis, investigation, methodology, project administra-
tion, resources, software, supervision, writing original draft, writing
review and editing. Sophie Egyptien: methodology, writing review
and editing. Alexandra Salciccia: methodology, writing review and
editing. Joy Ledeck: methodology, writing review and editing. Stéfan
Deleuze: methodology, writing review and editing. Vincent Frisée:
data curation, formal analysis, validation, methodology, writing origi-
nal draft, writing review and editing. Geoffroy de la Rebiére: formal
analysis, investigation, methodology, writing review and editing.

Reproduction in Domestic Animals, 2025

7 of 9

85U8017 SUOWWOD A1) 8|qeoljdde 8y} Ag peusenob a1e sooile VO ‘8sN JO S8|nJ o} Akeiq18uljuO AS]IA UO (SUOTIPUCO-PUB-SWBIW0D A8 | 1M AJeiq 1 |Bul [UO//:Sdny) SUORIPUOD pue swie 1 8y} 89S *[6Z0z/0T/20] uo Ariqiaulluo Ae|im ‘969178d 918N AQ OSTOL BPI/TTTT OT/I0P/W0o A3 1M Alelq Ul |uo//Sdny Wolj pepeojumoqd ‘0T ‘SZ0Z ‘TES06EYT



Acknowledgements

Authors would like to thank all the breeders for the time spent to an-
swer this survey: Ms. Spindler (Alpakazuchthof, Germany), Ms. Urbanz
(Blue Moon Alpacas, Germany), Ms. Holds Worth (Auravale Alpacas,
Australia), Ms. Austin (Lillyfield Alpacas, Australia), Katura Alpaces
Breeding farm (Australia), Mr. Lee (Theridition Alpaca Stud, Australia),
Ms. Haesen (Yaringa Alpacas, Australia), Mr. Fallon (Goldlead
Alpacas, Australia), Ms. Herb (Alpakas breeding farm, Austria), Mr.
Ectors (Alpaga D'Ave, Belgium), Mr. Lambert (Alpagas Aux Chants
des Pruniers, Belgium), Mr. Pirard (Alpagas des Tilleuls, Belgium),
Ms. Pannetier (Dessine-Moi un Alpaga, Belgium), Mr. Flahou and Ms.
Van de Winkel (Alpacas Flanders, Belgium), Ms. Laeremans (Alpaca
El Aciano, Belgium), Mr. Luitjen (Quality Line Alpacas, Belgium), Ms.
Caron (Alpagas FibreFine, Canada), Mr. Jones (Arriba Linea Alpacas,
Canada), Ms. Poot (Poorcorners Alpacas, Canada), Ms. Jenk (Wile
Alpacas Farm), Ms. Jenk (Wile Alpacas Farm, Estonia), Alpagas-
Dixville Studfarm (USA), Ms. Rackwack (Racka Paca Ranch, USA), Mr.
Milligan (Red Granite Ranch, USA), Ms. Deschenet (Tierra Prometida
Alpacas, USA), Ms. Turner (Triple T Alpacas, USA), Ms. Partanen
(Alpaca Fuente, Finland), Ms. Vénague (Alpagas De La Tille, France),
Ms. Pays (Alpacas O'Peyroux, France), Ms. Kervarec (Alapagas Du
Rompay, France), Ms. Chipon (Kerla Alpagas, France), Mr. Giudicelli
(Giudicelli Alpagas, France), Ms. Ward (Kisimul Farm Alpacas, New
Zealand), Ms. Haanen (NZ Summerhill Alpacas, New Zealand), Ms.
McDonald (Alpaca Power, UK), Ms. Hetherington (Beck Brow Alpacas,
UK), Ms. Oakes (Clive Wood Farm, UK), Ms. Brookes (Mullacott
Alpacas, UK), Mr. Hey (Inca Alpacas, UK), Ms. Christian (Mindful
Alpacas, UK), Ms. Ross (UK), Ms. Agar (Spring Farm Alpacas, UK),
Ms. Heywood (HD Alpacas, UK), Mr. Peter (Amazing Alpacas, UK).

Ethics Statement

The study is a survey, not leading to animal manipulations. All alpacas’
breeders consented for their data to be used in this report, and data were
anonymized by the principal investigator directly after reception by re-
placing the name of the breeding farm with a number.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data that supports the findings of this study are available in the
Supporting Information of this article.

References

Aba, M. A.,J. Sumar, H. Kindahl, M. Forsberg, and L.-E. Edqvist. 1998.
“Plasma Concentrations of 15-Ketodihydro-PGF2a, Progesterone,
Oestrone Sulphate, Oestradiol-17¢8 and Cortisol During Late Gestation,
Parturition and the Early Post Partum Period in Llamas and Alpacas.”
Animal Reproduction Science 50, no. 2: 111-121.

Anderson, D. E., and C. E. Whitehead. 2009. “Alpaca and Llama Health
Management. Preface.” Veterinary Clinics of North America. Food Animal
Practice 25, no. 2: xi-xii. https://doi.org/10.1016/j.cvfa.2009.03.008.

Aoki, T., K. Yamakawa, and M. Ishii. 2013. “Factors Affecting Gestation
Length in Heavy Draft Mares.” Journal of Equine Veterinary Science 33,
no. 6: 437-440.

Arliss, J. M., E. N. Kaplan, and S. L. Galvin. 2005. “The Effect of
the Lunar Cycle on Frequency of Births and Birth Complications.”
American Journal of Obstetrics and Gynecology 192, no. 5: 1462-1464.
https://doi.org/10.1016/j.ajog.2004.12.034.

Beythien, E., C. Aurich, M. Wulf, and J. Aurich. 2017. “Effects of
Season on Placental, Foetal and Neonatal Development in Horses.”
Theriogenology 97: 98-103. https://doi.org/10.1016/j.theriogenology.
2017.04.027.

Bravo, P. W., M. E. Fowler, and B. L. Lasley. 1994. “The Postpartum
Llama: Fertility After Parturition.” Biology of Reproduction 51, no. 6:
1084-1087. https://doi.org/10.1095/biolreprod51.6.1084.

Bravo, P. W, J. Garnica, and G. Puma. 2009. “Cria Alpaca Body
Weight and Perinatal Survival in Relation to Age of the Dam.” Animal
Reproduction Science 111, no. 2-4: 214-219. https://doi.org/10.1016/j.
anireprosci.2008.03.001.

Burton, S., T. F. Robinson, B. L. Roeder, et al. 2003. “Body Condition
and Blood Metabolite Characterization of Alpaca (Lama pacos) Three
Months Prepartum and Offspring Three Months Postpartum.” Small
Ruminant Research 48, no. 2: 69-76.

Conley, A. J. 2016. “Review of the Reproductive Endocrinology of the
Pregnant and Parturient Mare.” Theriogenology 86, no. 1: 355-365.
https://doi.org/10.1016/j.theriogenology.2016.04.049.

Conley, A. J., and B. A. Ball. 2019. “Steroids in the Establishment and
Maintenance of Pregnancy and at Parturition in the Mare.” Reproduction
158, no. 6: R197-R208. https://doi.org/10.1530/REP-19-0179.

Davies Morel, M. C., J. R. Newcombe, and S. J. Holland. 2002. “Factors
Affecting Gestation Length in the Thoroughbred Mare.” Animal
Reproduction Science 74, no. 3-4: 175-185. https://doi.org/10.1016/s0378
-4320(02)00171-9.

Davis, G. H., K. G. Dodds, G. H. Moore, and G. D. Bruce. 1997. “Seasonal
Effects on Gestation Length and Birth Weight in Alpacas.” Animal
Reproduction Science 46, no. 3-4: 297-303.

Ewert, M., I. Luders, J. Borocz, H. Uphaus, O. Distl, and H. Sieme. 2018.
“Determinants of Gestation Length in Thoroughbred Mares on German
Stud Farms.” Animal Reproduction Science 191: 22-33. https://doi.org/
10.1016/j.anireprosci.2018.02.001.

Ferreira, J. R. M., M. G. Meirelles, C. F. Guimaraes, M. A. Alonso, M.
Nichi, and C. B. Fernandes. 2016. “Factors Affecting Gestational Length
in the Mangalarga Paulista Breed.” Animal Reproduction 13, no. 2:
117-121.

Ferreira-Dias, G., M. Botelho, A. Zagrajczuk, et al. 2013. “Coumestrol
and Its Metabolite in Mares' Plasma After Ingestion of Phytoestrogen-
Rich Plants: Potent Endocrine Disruptors Inducing Infertility.”
Theriogenology 80, no. 6: 684-692. https://doi.org/10.1016/j.theriogeno
logy.2013.06.002.

Fouz, R., F. Gandoy, M. L. Sanjuan, E. Yus, and F. J. Dieguez. 2013.
“The Use of Crossbreeding With Beef Bulls in Dairy Herds: Effects on
Calving Difficulty and Gestation Length.” Animal 7, no. 2: 211-215.
https://doi.org/10.1017/S1751731112001656.

Haneda, S., P. Dini, A. Esteller-Vico, et al. 2021. “Estrogens Regulate
Placental Angiogenesis in Horses.” International Journal of Molecular
Sciences 22, no. 22: 12116. https://doi.org/10.3390/ijms222212116.

Heck, L., M. Clauss, and M. R. Sanchez-Villagra. 2018. “Do
Domesticated Mammals Selected for Intensive Production Have Less
Variable Gestation Periods?” Mammalian Biology 88: 151-155.

Inoue, K., M. Hosono, and Y. Tanimoto. 2017. “Inferring Causal
Structures and Comparing the Causal Effects Among Calving Difficulty,
Gestation Length and Calf Size in Japanese Black Cattle.” Animal 11,
no. 12: 2120-2128. https://doi.org/10.1017/S1751731117000957.

King, K. K., G. E. Seidel Jr., and R. P. Elsden. 1985. “Bovine Embryo
Transfer Pregnancies. II. Lengths of Gestation.” Journal of Animal
Science 61, no. 4: 758-762. https://doi.org/10.2527/jas1985.614758x.

Knight, T. W., A. F. Death, and T. K. Wyeth. 1995. “Photoperiodic
Control of the Time of Parturition in Alpacas (Lama Pacos).” Animal
Reproduction Science 39, no. 4: 259-266.

Kuhl, J.,, K. F. Stock, M. Wulf, and C. Aurich. 2015. “Maternal Lineage
of Warmblood Mares Contributes to Variation of Gestation Length and
Bias of Foal Sex Ratio.” PLoS One 10, no. 10: e0139358. https://doi.org/
10.1371/journal.pone.0139358.

8 of 9

Reproduction in Domestic Animals, 2025

85U8017 SUOWWOD A1) 8|qeoljdde 8y} Ag peusenob a1e sooile VO ‘8sN JO S8|nJ o} Akeiq18uljuO AS]IA UO (SUOTIPUCO-PUB-SWBIW0D A8 | 1M AJeiq 1 |Bul [UO//:Sdny) SUORIPUOD pue swie 1 8y} 89S *[6Z0z/0T/20] uo Ariqiaulluo Ae|im ‘969178d 918N AQ OSTOL BPI/TTTT OT/I0P/W0o A3 1M Alelq Ul |uo//Sdny Wolj pepeojumoqd ‘0T ‘SZ0Z ‘TES06EYT


https://doi.org/10.1016/j.cvfa.2009.03.008
https://doi.org/10.1016/j.ajog.2004.12.034
https://doi.org/10.1016/j.theriogenology.2017.04.027
https://doi.org/10.1016/j.theriogenology.2017.04.027
https://doi.org/10.1095/biolreprod51.6.1084
https://doi.org/10.1016/j.anireprosci.2008.03.001
https://doi.org/10.1016/j.anireprosci.2008.03.001
https://doi.org/10.1016/j.theriogenology.2016.04.049
https://doi.org/10.1530/REP-19-0179
https://doi.org/10.1016/s0378-4320(02)00171-9
https://doi.org/10.1016/s0378-4320(02)00171-9
https://doi.org/10.1016/j.anireprosci.2018.02.001
https://doi.org/10.1016/j.anireprosci.2018.02.001
https://doi.org/10.1016/j.theriogenology.2013.06.002
https://doi.org/10.1016/j.theriogenology.2013.06.002
https://doi.org/10.1017/S1751731112001656
https://doi.org/10.3390/ijms222212116
https://doi.org/10.1017/S1751731117000957
https://doi.org/10.2527/jas1985.614758x
https://doi.org/10.1371/journal.pone.0139358
https://doi.org/10.1371/journal.pone.0139358

Ledeck, J., P. Dufour, E. Evrard, et al. 2022. “Evolution of
17-Beta-Estradiol, Estrone and Estrone-Sulfate Concentrations in Late
Pregnancy of Different Breeds of Mares Using Liquid Chromatography
and Mass Spectrometry.” Theriogenology 189: 86-91. https://doi.org/10.
1016/j.theriogenology.2022.06.004.

Lopes, J. S., E. Alcazar-Trivino, C. Soriano-Ubeda, et al. 2020.
“Reproductive Outcomes and Endocrine Profile in Artificially
Inseminated Versus Embryo Transferred Cows.” Animals (Basel) 10,
no. 8:1359. https://doi.org/10.3390/anil0081359.

Lutzer, A., C. Nagel, B. A. Murphy, et al. 2022. “Effects of Blue
Monochromatic Light Directed at One Eye of Pregnant Horse Mares
on Gestation, Parturition and Foal Maturity.” Domestic Animal
Endocrinology 78: 106675. https://doi.org/10.1016/j.domaniend.2021.
106675.

Malinska, M., Z. Havlicek, E. Koru, and P. Rezac. 2019. “Animal and
Environmental Factors Associated With Gestation Length in the
Endangered Old Kladruber Horse.” Theriogenology 129: 116-120.
https://doi.org/10.1016/j.theriogenology.2019.02.013.

Marco-Gracia, F. J. 2019. “The Influence of the Lunar Cycle on
Spontaneous Deliveries in Historical Rural Environments.” European
Journal of Obstetrics, Gynecology, and Reproductive Biology 236: 22-25.
https://doi.org/10.1016/j.ejogrb.2019.02.020.

Nagel, C., M. Melchert, J. Aurich, and C. Aurich. 2020. “Road Transport
of Late-Pregnant Mares Advances the Onset of Foaling.” Journal of
Equine Veterinary Science 86: 102894. https://doi.org/10.1016/j.jevs.
2019.102894.

Nagy, P., and J. Juhasz. 2019. “Pregnancy and Parturition in Dromedary
Camels I. Factors Affecting Gestation Length, Calf Birth Weight and
Timing of Delivery.” Theriogenology 134: 24-33. https://doi.org/10.
1016/j.theriogenology.2019.05.017.

Pollard, J. C., R. P. Littlejohn, and G. H. Moore. 1995. “Seasonal and
Other Factors Affecting the Sexual Behaviour of Alpacas.” Animal
Reproduction Science 37, no. 3-4: 349-356.

Riveros, J. L., G. Schuler, C. Bonacic, B. Hoffmann, M. G. Chaves, and B.
Urquieta. 2010. “Ovarian Follicular Dynamics and Hormonal Secretory
Profiles in Guanacos (Lama guanicoe).” Animal Reproduction Science
119, no. 1-2: 63-67. https://doi.org/10.1016/j.anireprosci.2009.11.005.

Rodrigues, J. A., A. R. Goncalves, L. Antunes, E. V. Bettencourt, and
L. T. Gama. 2020. “Genetic and Environmental Factors Influencing
Gestation Length in Lusitano Horses.” Journal of Equine Veterinary
Science 84:102850. https://doi.org/10.1016/j.jevs.2019.102850.

Rossetto, L., M. F. Gallelli, G. F. Franco, M. A. Aba, M. H. Miragaya, and
C. P. Bianchi. 2023. “Effect of Early Administration of Progesterone on
the Function of the Corpus Luteum of Llamas.” Animal Reproduction
Science 252:107233. https://doi.org/10.1016/j.anireprosci.2023.107233.

Rowell, J. E., and M. P. Shipka. 2009. “Variation in Gestation Length
Among Captive Reindeer (Rangifer tarandus tarandus).” Theriogenology
72, no. 2:190-197. https://doi.org/10.1016/j.theriogenology.2009.01.022.

San-Martin, M., M. Copaira, J. Zuniga, R. Rodreguez, G. Bustina, and
L. Acosta. 1968. “Aspects of Reproduction in the Alpaca.” Reproduction
(Cambridge, England) 16, no. 3: 395-399.

Santos, M. M., L. L. Maia, D. M. Nobre, et al. 2015. “Sex Ratio of
Equine Offspring Is Affected by the Ages of the Mare and Stallion.”
Theriogenology 84, no. 7: 1238-1245. https://doi.org/10.1016/j.theri
ogenology.2015.07.001.

Satue, K., R. Domingo, and J. I. Redondo. 2011. “Relationship Between
Progesterone, Oestrone Sulphate and Cortisol and the Components
of Renin Angiotensin Aldosterone System in Spanish Purebred
Broodmares During Pregnancy.” Theriogenology 76, no. 8: 1404-1415.
https://doi.org/10.1016/j.theriogenology.2011.06.009.

Smith, C. L., A. T. Peter, and D. G. Pugh. 1994. “Reproduction in Llamas
and Alpacas: A Review.” Theriogenology 41, no. 3: 573-592.

Tibary, A., J. Rodriguez, and S. Sandoval. 2008. “Reproductive
Emergencies in Camelids.” Theriogenology 70, no. 3: 515-534. https://
doi.org/10.1016/j.theriogenology.2008.04.024.

Tibary, A., J. Rodriguez, P. Walker, and A. Anouassi. 2008. “Neonatal
Care and Neonatal Emergencies in Camelids.” American Association of
Bovine Practitionners Conference Proceedings 41: 177-183.

Torres-Farfan, C., F. J. Valenzuela, M. Mondaca, et al. 2008. “Evidence
of a Role for Melatonin in Fetal Sheep Physiology: Direct Actions of
Melatonin on Fetal Cerebral Artery, Brown Adipose Tissue and Adrenal
Gland.” Journal of Physiology 586, no. 16: 4017-4027. https://doi.org/10.
1113/jphysiol.2008.154351.

Valera, M., F. Blesa, R. Dos Santos, and A. Molina. 2006. “Genetic
Study of Gestation Length in Andalusian and Arabian Mares.” Animal
Reproduction Science 95, no. 1-2: 75-96. https://doi.org/10.1016/j.anire
prosci.2005.09.008.

Vaughan, J. L., K. L. Macmillan, G. A. Anderson, and M. J. D'Occhio.
2003. “Effects of Mating Behaviour and the Ovarian Follicular State of
Female Alpacas on Conception.” Australian Veterinary Journal 81, no.
1-2: 86-90. https://doi.org/10.1111/j.1751-0813.2003.tb11442.x.

Vaughan, J. L., and A. Tibary. 2006. “Reproduction in Female South
American Camelids: A Review and Clinical Observations.” Small
Ruminant Research 61: 259-281. https://doi.org/10.1016/j.smallrumres.
2005.07.015.

Vaughan, M., M. Mihm, and T. Wittek. 2013. “Factors Influencing
Embryo Transfer Success in Alpacas—A Retrospective Study.” Animal
Reproduction Science 136, no. 3: 194-204.

Whitehead, C. E. 2009a. “Management of Neonatal Llamas and
Alpacas.” Veterinary Clinics of North America. Food Animal Practice 25,
no. 2: 353-366. https://doi.org/10.1016/j.cvfa.2009.03.006.

Whitehead, C. E. 2009b. “Neonatal Diseases in Llamas and Alpacas.”
Veterinary Clinics of North America. Food Animal Practice 25, no. 2:
367-384. https://doi.org/10.1016/j.cvfa.2009.03.002.

Wilsher, S., and W. R. Allen. 2003. “The Effects of Maternal Age
and Parity on Placental and Fetal Development in the Mare.” Equine
Veterinary Journal 35, no. 5: 476-483. https://doi.org/10.2746/04251
6403775600550.

Yonezawa, T., M. Uchida, M. Tomioka, and N. Matsuki. 2016. “Lunar
Cycle Influences Spontaneous Delivery in Cows.” PLoS One 11, no. 8:
€0161735. https://doi.org/10.1371/journal.pone.0161735.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section. Data S1: Supporting Information

Reproduction in Domestic Animals, 2025

90f9

85U8017 SUOWWOD A1) 8|qeoljdde 8y} Ag peusenob a1e sooile VO ‘8sN JO S8|nJ o} Akeiq18uljuO AS]IA UO (SUOTIPUCO-PUB-SWBIW0D A8 | 1M AJeiq 1 |Bul [UO//:Sdny) SUORIPUOD pue swie 1 8y} 89S *[6Z0z/0T/20] uo Ariqiaulluo Ae|im ‘969178d 918N AQ OSTOL BPI/TTTT OT/I0P/W0o A3 1M Alelq Ul |uo//Sdny Wolj pepeojumoqd ‘0T ‘SZ0Z ‘TES06EYT


https://doi.org/10.1016/j.theriogenology.2022.06.004
https://doi.org/10.1016/j.theriogenology.2022.06.004
https://doi.org/10.3390/ani10081359
https://doi.org/10.1016/j.domaniend.2021.106675
https://doi.org/10.1016/j.domaniend.2021.106675
https://doi.org/10.1016/j.theriogenology.2019.02.013
https://doi.org/10.1016/j.ejogrb.2019.02.020
https://doi.org/10.1016/j.jevs.2019.102894
https://doi.org/10.1016/j.jevs.2019.102894
https://doi.org/10.1016/j.theriogenology.2019.05.017
https://doi.org/10.1016/j.theriogenology.2019.05.017
https://doi.org/10.1016/j.anireprosci.2009.11.005
https://doi.org/10.1016/j.jevs.2019.102850
https://doi.org/10.1016/j.anireprosci.2023.107233
https://doi.org/10.1016/j.theriogenology.2009.01.022
https://doi.org/10.1016/j.theriogenology.2015.07.001
https://doi.org/10.1016/j.theriogenology.2015.07.001
https://doi.org/10.1016/j.theriogenology.2011.06.009
https://doi.org/10.1016/j.theriogenology.2008.04.024
https://doi.org/10.1016/j.theriogenology.2008.04.024
https://doi.org/10.1113/jphysiol.2008.154351
https://doi.org/10.1113/jphysiol.2008.154351
https://doi.org/10.1016/j.anireprosci.2005.09.008
https://doi.org/10.1016/j.anireprosci.2005.09.008
https://doi.org/10.1111/j.1751-0813.2003.tb11442.x
https://doi.org/10.1016/j.smallrumres.2005.07.015
https://doi.org/10.1016/j.smallrumres.2005.07.015
https://doi.org/10.1016/j.cvfa.2009.03.006
https://doi.org/10.1016/j.cvfa.2009.03.002
https://doi.org/10.2746/042516403775600550
https://doi.org/10.2746/042516403775600550
https://doi.org/10.1371/journal.pone.0161735

	Pregnancy Length, Offspring Weight and Birth Outcomes in Alpaca (Vicugna pacos): An International Survey
	ABSTRACT
	1   |   Introduction
	2   |   Material and Methods
	2.1   |   Design and Diffusion of the Survey
	2.2   |   Statistics

	3   |   Results
	3.1   |   Survey Answer and Breeders' Description
	3.2   |   Pregnancy Length
	3.3   |   Weight of the Crias
	3.4   |   Birth Complications

	4   |   Discussion
	5   |   Limitations of the Study
	6   |   Conclusions
	Author Contributions
	Acknowledgements
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement
	References


