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Abstract

In this study, the growth performance, some morphological traits, and survival rate of Gurcu goat kids were investigated.
The study consisted of 40 Gurcu kids monitored for nine months. Dam age (DA) affected only birth weight, while sex
and birth type (BT) were effective from days 90 and 15, respectively. The average live weights of Gurcu kids at birth,
and at day 90, and day 270 were 2.49 kg, 24.7 kg, and 32.9 kg, respectively. Sex (from 165 days) and BT (from 45
days) influenced body length. Both sex and BT affected withers height at several stages of growth, whereas sex had a
stronger effect on rump height. The effect of DA on chest depth was significant between birth and 30 days of age, and
BT significantly affected chest circumference after 60 days. The effect of sex on head length was significant from day 60,
and that of BT from day 75 (including day 15). After 60 days, both sex and BT influenced forehead length. Birth type
had a stronger effect on testicular measurements than DA, particularly on scrotal volume, which was affected at almost
all stages of growth. Strong correlations were found between live weight and measured morphological traits. The overall
survival rate of Gurcu goat kids was 88.09%. In conclusion, the effect of DA on the studied traits was limited, whereas
sex and BT had more pronounced influences. Male and single-born kids were more advantageous in terms of growth and
several morphological characteristics.
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Introduction

Goat and sheep farming in Tiirkiye is predominantly carried
out in the Southeastern, Mediterranean, and Aegean regions.
The main reasons for its prevalence in these areas include
the economic and social structure of farmers involved in
animal husbandry, traditional livestock preferences, and the
geographical features of the region (Gundemir et al. 2023;
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Kuru and Boga Kuru 2020; Ozdemir and Keskin 2018).
Goat farming, which is a primary livelihood for low-income
families, can be conducted under pasture-based or intensive
conditions. Goats effectively utilize pastures and grazing
lands and can graze comfortably in hilly and mountainous
areas. Compared to other animal species, goats can graze
on steep hills and slopes, making them suitable for regions
where agricultural activities are minimal. Additionally,
goats are preferred because they can consume plants that
other animals do not eat (Kaymake1 2013; Kuru and Boga
Kuru 2020; Yahia et al. 2024). Although small ruminant
production is most intensive in the southern regions of Tiir-
kiye, several locally adapted goat breeds such as the Gurcu
goat are maintained in the northeastern provinces, particu-
larly Kars and Ardahan, due to their strong adaptation to
harsh climate and pasture conditions.

The Gurcu goat is one of the local genetic resources in
Tiirkiye that has adapted to very challenging conditions in
terms of the region where it is bred, its climate, and ter-
rain (Sezgin et al. 2010). Currently, their numbers have
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significantly decreased. However, it is believed that promot-
ing their breeding could open up a new source of income for
the region (Kuru et al. 2017).

The Gurcu goat, originating from the Caucasus region, is
also known locally as the Tiflis goat and internationally as
the Caucasian goat (Batu 1951; Kuru and Boga Kuru 2020).
Although once more widespread, this breed has undergone a
marked decline over recent decades, and only small remnant
populations are currently maintained in limited areas of the
Kars province and the Cildir district of Ardahan (Daskiran
etal. 2018; Yilmaz et al. 2012). According to the most recent
national statistics, the goat population in Tiirkiye increased
from 5.1 million in 2009 to a peak of 12.3 million in 2021,
before slightly declining to 10.8 million in 2024 (TUIK
2024). This updated national information supports the con-
tinued relevance of local goat breeds within the livestock
sector. Furthermore, recent national syntheses examining
goat production systems in Tiirkiye provide comprehen-
sive insights into the structural and socio-economic impor-
tance of the sector (Daskiran et al. 2018). Unlike many goat
breeds raised in Tiirkiye, Gurcu goats have high adaptability
not only to mountainous areas but also to plain and pasture
conditions (Kuru and Boga Kuru 2020).

Gurcu goats typically come in black, grey, and white col-
ors. They are descended from the wild goat species Capra
falconeri, which is characterized by distinctive spiral horns
(Batu 1951; Kuru et al. 2024; Olmez et al. 2020; Sezgin
et al. 2010; Yilmaz et al. 2012). Gurcu goats are character-
ized by their high withers and robust build. Their coat struc-
ture and ear and tail shapes can resemble those of Angora
goats. Gurcu goats typically have drooping ears, though
some may have ears that point sideways and upwards (Batu
1951; Kuru et al. 2017; Sezgin et al. 2010). It has been
reported that Gurcu goats are primarily hornless, with very
few horned females (Batu 1951). Their body weight ranges
from 40 to 55 kg (Kuru et al. 2018, 2024). When consider-
ing general body measurements of Gurcu goats, their wither
height is approximately 71.8 cm, body length 73 cm, chest
circumference 85.2 cm, shin circumference 9.4 cm, tail
length 18.9 cm, ear length 15.25 c¢cm, and ear width 7.3 cm
(Batu 1951; Kuru and Boga Kuru 2020). Gurcu goats typi-
cally lactate for about 5 months with a daily milk yield of
1.5 kg (Batu 1951; Sezgin et al. 2010; Yilmaz et al. 2012).
The estrus period lasts approximately 31.9 h, and gestation
lasts 150+ 3 days in Gurcu goats (Kuru et al. 2017). Around
40% of births are twins, and about 5% are triplets. After
estrus synchronization practices, Gurcu goats have shown
increased rates of triplet births (Kuru et al. 2017; Kuru and
Boga Kuru 2020). Neonatal mortality among kids born to
Gurcu goats is reported to be approximately 6.25% (Kuru et
al. 2017). Existing studies on the growth and development
characteristics of the Gurcu goat are limited in scope, despite
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the breed’s strong adaptation to the harsh climatic condi-
tions of the region and its potential as an alternative to cattle
farming. In addition, the data obtained from these goats
raised under such challenging environmental conditions can
be compared with those of other local breeds. Although one
recent study has reported body weight and withers height up
to 12 months of age at 2-3-month intervals (Boga Kuru et
al. 2024), detailed longitudinal assessments based on more
frequent sampling—particularly monthly tracking of mor-
phometric traits during the critical early growth period up
to 9 months—are still lacking. This gap highlights the need
for more comprehensive evaluations of growth patterns in
this local breed.

Material and method
Ethical approval

Approval for this study was received from the Kafkas
University Animal Experiments Ethics Committee (KAU-
HADYEK/2020—-178), Kars, Tirkiye. Moreover, the
necessary authorization was received from the Kafkas Uni-
versity Faculty of Veterinary Medicine, Prof. Dr. Ali Riza
Aksoy Education-Research and Application Farm (Session
no: 2020/2021-07, Decision no: 16).

Location and environmental conditions

The present study was conducted in the Education-Research
and Application Farm, which is affiliated with the Faculty of
Veterinary Medicine of Kafkas University in Kars province,
Tiirkiye.

The geographical coordinates of the research site are
40°34°23” N and 43°02°27” E, with an altitude of 1751 m
above sea level. The region has a harsh continental cli-
mate characterized by long, cold winters and short, mild
summers. Annual climatic averages recorded in the study
area include winter temperatures frequently falling below
—20 °C, summer temperatures reaching up to 30-32 °C, rel-
ative humidity ranging between 50 and 90%, and daylight
duration varying from 9.5 h in winter to more than 15 h in
summer.

The study was carried out between September 2021 and
June 2022, covering both indoor (winter) and outdoor (pas-
ture) management periods. During the cold season (Novem-
ber—March), goats were kept in a closed barn system
equipped with natural ventilation through adjustable side
windows and ridge openings. The barn had a concrete floor
covered with straw bedding, which was refreshed regularly,
and stocking density was kept at approximately 1.5-2 m?
per animal. During the warm months (April-October), the
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goats grazed on pasture during the day and were kept in
sheltered barns at night. Water was provided ad libitum
throughout the year.

Kids were housed with their mothers in a sheltered barn
during the neonatal period. From birth to 3 months of age,
kids were kept in group pens with dry bedding and adequate
natural ventilation; thereafter, from 3 to 9 months, they
were maintained in larger pens with access to outdoor areas
depending on weather conditions. During extremely cold
winter nights, supplemental heating was provided in the kid
barn to prevent cold stress, and bedding depth was increased
to improve thermal comfort.

Animal material

Forty clinically healthy, multiparous purebred Gurcu goats,
aged 3—4 years, weighing 40-50 kg with a body condition
score of 3.0-3.5, were selected from the same herd at the
Kafkas University Education, Research and Application

Table 1 Content and composition of the concentrated feed that goats
and kids are fed

Ingredient %

Goats

Barley 28.00

Wheat bran 16.65

Corn 40.00

Cottonseed meal (38 CP) 6.00

Soybean meal (48 CP) 5.28

Marble dust 2.77

Salt 1.00

Vitamin-mineral premix* 0.30

Ingredient, g/kg DM 0-3 months 3-9 months
Kids

Meadow hay 0.140 0.200
Barley 0.050 0.100
Corn 0.030 0.200
Sunflower oil 0.001 0.050
Wheat bran 0.050 0.050
Molasses, beet 0.010 0.010
Cottonseed meal, 37% 0.050 0.030
Soybean meal, 44% 0.070 0.090
Dicalcium phosphate 0.001 -
Limestone 0.001 0.013
Salt 0.001 0.001
Vitamin-mineral premix* 0.001 0.001
Calculated nutrient content, %DM

ME, kcal/kg 2565 2825
Crude protein, % 19.80 17.60
Ca, % 0.99 0.89
P, % 0.45 0.40

DM: Dry matter, ME: Metabolizable energy. *: Contents of vitamin
and mineral premix in 1 kg: 100 g of Na, 33 mg of I, 7 mg of Ca, 27 mg
of Se, 3,000 mg of Fe, 2,660 mg of Mn, 167 mg of Cu, 10,000 mg
of a-tocopherol, 300,000 IU of cholecalciferol, and 3,000,000 IU of
retinol

Farm. The Gurcu goat is a local breed originating from the
Caucasus region and is characterized by its adaptability to
harsh climatic conditions and medium-sized body structure.
All eligible animals within this age group were included
to ensure representativeness under uniform management
conditions.

A total of 40 goats underwent estrus synchronization. Of
these, 30 became pregnant and were included in the study,
while 10 goats were excluded for the following reasons:
seven did not conceive, one experienced early embryonic
loss, one expelled the intravaginal sponge prematurely, and
one did not accept mating despite showing estrus behavior.

From the 30 pregnant does, a total of 45 kids were
born (15 single-born and 30 twin-born; 20 females and 25
males). Of these, 40 kids (14 single-born and 26 twin-born;
18 females and 22 males) survived and were included in the
longitudinal growth analyses.

Prior to the commencement of the study, all goats
received endoparasitic treatment (250 mg Oxfendazole
and 750 mg Oxyclozanide, Okzan-F®, Ceva, Tiirkiye) and
ectoparasitic treatment (10 mg Ivermectin and 100 mg Clo-
rsulon, Avromec-Fac®, Topkim, Tiirkiye). Additionally, the
newborn kids underwent regular antiparasitic and vaccina-
tion procedures according to farm protocols.

Feeding

During the cold months (November to March), the goats
were housed indoors due to the severe winter conditions of
Eastern Anatolia, whereas during the warmer months they
grazed on pasture during the day and were kept in closed
barns at night. Newborn kids were also brought into the barn
at night during warm months while spending the daytime
on pasture.

During the indoor feeding period, meadow hay and
wheat straw were offered ad libitum, while concentrate feed
was provided in fixed daily amounts according to the farm’s
standard protocol. In line with the nutritional program of the
Kafkas University Research Farm, kids received approxi-
mately 140 g of meadow hay and 261 g of concentrate feed
per head per day from 0 to 3 months, and 200 g of meadow
hay and 530 g of concentrate feed per head per day from 3 to
9 months. The ingredient composition and nutritional values
of the concentrate ration (barley, corn, soybean meal, sun-
flower meal, and vitamin—mineral premix; 16% crude pro-
tein and 2700 kcal/kg ME) are presented in Table 1. Water
was supplied ad libitum to all goats and kids throughout the
study.

Individual feed intake was not recorded; refusals were
monitored at the group level. As the aim of the study was to
evaluate growth performance under routine farm conditions
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rather than quantify feed efficiency, detailed individual con-
sumption measurements were not collected.

It should be noted that goats were allowed to graze on
pasture during daytime whenever weather conditions per-
mitted, which may naturally introduce variation in individ-
ual activity and forage intake. Additionally, as the study was
conducted in a university application farm operating under
controlled management practices, the findings may not fully
reflect conditions in commercial herds.

Estrus synchronization protocol and pregnancy
diagnosis

To synchronize kidding, the goats were synchronized during
the breeding season (September). Progesterone-containing
sponges (60 mg medroxyprogesterone acetate, Esponjavet®,
Hipra, Tiirkiye) were inserted on day 0. On day 5, 500 IU
of equine chorionic gonadotropin (eCG, Oviser®, Hipra,
Tiirkiye) was administered intramuscularly. On day 7, the
sponges were removed, and prostaglandin F2 alpha (12.5 mg
dinoprost, Dinolytic®, Zoetis, Tiirkiye) was administered
immediately after sponge removal. Teaser bucks were intro-
duced into the herd every 6 h for approximately 30 min
to monitor estrus. Does that allowed mounting (standing
estrus) were identified as being in estrus and were imme-
diately separated from the herd and transferred to the pens
containing breeding bucks for mating. All dates and times of
estrus detection and mating were recorded (Kuru and Boga
Kuru 2024).

Goats confirmed to have mated underwent transrectal
ultrasonography between days 30-35 post-mating using a
5-7.5 MHz ultrasound device (Draminski iScan®, Dramin-
ski, Poland). Pregnancy was confirmed by the visualization
of the embryo within the uterine lumen (Kuru et al. 2018).

A total of 40 does underwent estrus synchronization dur-
ing the breeding season. Of these, 38 (95.0%) exhibited
estrus, while one doe expelled the progesterone sponge pre-
maturely and one failed to show estrus. Among the 38 does
that exhibited estrus, 30 conceived, resulting in a concep-
tion rate of 78.9% and a pregnancy rate of 75.0% based on
all synchronized does. One doe experienced early embry-
onic loss (3.2%), and no abortions were observed through-
out gestation. A total of 30 does kidded, corresponding to a
kidding rate of 75.0%.

Determining live weight, morphological
characteristics, and survival rates

For the monitored kids, live weight and morphological char-
acteristics (body length, withers height, rump height, chest
depth, chest circumference, head length, forehead length,
front and rear shin circumference, testicular diameter,

@ Springer

testicular length, scrotal volume) were determined starting
from their birthday and subsequently measured every 15
days for the first 6 months, and monthly from 6 months to
9 months of age.

A 15-day measurement interval was chosen during the
first 6 months to capture the rapid early-life growth dynam-
ics typical of goat kids, especially in local breeds for which
detailed growth curves are lacking. After 6 months of age,
when growth rate slows, a monthly interval was considered
sufficient and methodologically appropriate.

Live weight was recorded using a digital livestock scale,
while linear body measurements were obtained with a flex-
ible tape measure with the kids standing calmly on a flat
surface. All measurements were taken by the same trained
operator to minimize inter-observer variability. Testicular
diameter and length were measured using a tape measure,
and scrotal volume was determined using the water dis-
placement method based on Archimedes’ principle, by sub-
merging the testes in a graduated cylinder and recording the
displaced water volume (Kulaksiz et al. 2020).

All weighing and measurements were conducted in the
morning, immediately before feeding. Kids were not fasted
prior to measurements; however, measurements were per-
formed before the first daily feeding to minimize variation
related to rumen fill.

During the study, five kids died: four within the first
month of life (three due to neonatal diarrhea and one due to
inadequate maternal milk production) and one at six months
of age due to pneumonia. For this study, neonatal mortal-
ity was defined as death occurring within the first 30 days
of life. Kid survival was monitored daily by farm staff and
the research team, and all deaths were recorded in the farm
journal along with clinical observations.

All kids were recorded at birth (birth type, sex, and body
weight); however, complete morphometric follow-up data
were only available for the 40 surviving kids. Therefore,
repeated-measures growth analyses were performed using
these 40 kids, and the low, mostly disease-related mortality
is unlikely to have introduced substantial survivorship bias.

Statistical analysis

In the study, the monitored live weight and some morpho-
logical characteristics were reported as mean=standard
deviation (SD). Data were determined to follow a normal
distribution based on Shapiro-Wilk tests conducted on mea-
surement days. The effects of dam age, gender, and birth
type on the examined traits were evaluated using General
Linear Model (GLM).

The GLM used to assess fixed effects was structured as
follows:
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Yiji = p + S + BTj + DAg + (S x BT),;
+ (S x DA),, + (BT x DA),,
+ (S x BT x DA)Z]k + eijk

where.

® Yj = observed trait (live weight or morphological
measurement),

p=overall mean,

Si = fixed effect of sex,

BT; = fixed effect of birth type,

DAy = fixed effect of dam age,

edjiy = random error term.

All main factors (sex, birth type, dam age) and their pos-
sible interaction terms (sex x birth type, sex x dam age,
birth type X dam age, and sex X birth type x dam age) were
initially included in the model. However, none of the inter-
action terms were statistically significant across measure-
ment days; therefore, the interpretation focused on the main
effects.

Coefficients of variation (CV%) for each trait were cal-
culated using the formula CV = (SD / mean) x 100, and
reported in the summary table to illustrate the extent of vari-
ability within traits.

Pearson correlation coefficients were used to determine
relationships among traits, and only valid measurement
pairs were included in the correlation analysis. Statistical
analysis was performed using SPSS® (Version 26.0, SPSS
Inc./IBM Group, Chicago, IL, USA). Results with P<0.05
were considered statistically significant.

Results
Growth performance and body length

The variation in growth performance of kids according to
sex and birth type is presented in Table 2. Dam age had
a significant effect on the birth weight of kids (P<0.05).
Sex affected live weight gain in kids from day 90 onwards
(P<0.05), meaning that the difference between males
and females became significant beginning at day 90 and
remained significant thereafter. In addition, birth type influ-
enced live weight from day 15 onwards (P<0.05), indicat-
ing that single-born and twin-born kids started to differ in
weight beginning on day 15.

The average birth weight of Gurcu goat kids was 2.49 kg,
and their average live weights at day 90, day 180, and day
270 of age were 13.7 kg, 24.7 kg, and 32.9 kg, respectively
(Table 2).

Sex had a significant effect on body length from day 165
onward (P<0.05), whereas birth type affected body length
from day 45 onward. Maternal age had no statistically sig-
nificant effect on body length at any measurement time
(P>0.05, Table 2).

Live weight gain

Dam age did not significantly affect daily live weight gain in
goat kids at any measurement time. However, sex had a sig-
nificant effect on daily live weight gain from day 90 onward
(P<0.05), indicating that differences between males and
females emerged beginning at day 90. Birth type signifi-
cantly influenced daily live weight gain at all measurement
times (P<0.05), with single-born and twin-born kids differ-
ing consistently throughout the study period (Table 3).

Withers and rump height

Dam age significantly affected withers height at both birth
and day 60 (P<0.05). Sex had a significant effect on withers
height on all measurement days except birth, day 15, and
day 45 (P<0.05). Birth type significantly influenced with-
ers height at all measurement days except birth and day 15
(P<0.05, Table 4).

For rump height, dam age had a significant effect at birth
(P<0.05). Birth type significantly affected rump height
at day 75 (P<0.05). Sex had significant effects on rump
height at day 30, between day 60 and day 90, and from day
165onward (P<0.05, Table 4).

Chest depth and circumference

In goat kids, dam age significantly affected chest depth from
birth until day 30. Sex influenced chest depth only day 270
(P<0.05). Birth type demonstrated significant effects on
chest depth starting from day 30 onward (P<0.05, Table 5).

For chest circumference, dam age had significant effects
at day 15, day 30, day 60, day 75, day 180, and day 210
(P<0.05). Sex significantly affected chest circumference
from day 180 onward (P<0.05). Birth type had a statisti-
cally significant effect on chest circumference from day 60
onward (P<0.05, Table 5).

Head and forehead length

Sex had a significant effect on head length from day 60
onward (P<0.05). Birth type significantly affected head
length from day 75 onward. The effect of dam age on
head length was not significant at any measurement time
(P>0.05, Table 6).
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Table 2 Effect of dam age, sex, and birth type on live weight and body length between measurements in different growth periods of Gurcu goat kids

Days Dam age (year) Sex Birth type Significance Overall (n=40)
3 (n=19) 4 (n=21) Female (n=18) Male (n=22) Single (n=14) Twin (n=26) Dam age Sex Birth type

Live weight (kg)

Birth 2.29+0.40 2.68+0.28  2.46+0.29 2.53+0.46  2.53+£0.27 247+0.44  * - - 2.49+0.38
15 437+0.66 4.60+0.69  4.29+0.60 4.65+0.72  4.75+0.71 435+£0.63 - - * 4.49+0.68
30 642+093 6.47+0.94  6.31+0.91 6.56+£0.94  6.91+0.91 6.20+£0.85 - - * 6.45+0.93
45 8.75+2.24 824+1.18  8.09%1.15 8.61+1.71 9.03+1.56 8.03+1.36 - - wx 8.38+1.49
60 10.38+£2.59 10.44+1.95 10.03+1.54 10.72+£2.68 11.59+2.40 9.77+1.92 - - wx 10.45+2.21
75 11.69+£3.46 11.88+2.43 11.36+1.93 12.15+£3.55 13.51£2.97 10.87+2.50 - - *x 11.79+2.93
90 13.61+£5.06 13.79+£3.13 13.00£2.66 14.28+4.98 16.04+£4.28 12.44+3.47 - * ** 13.70+4.11
105  15.13+£6.26 15.05+3.52 14.16+3.03 15.85+£6.06 18.04+5.18 13.50+£4.09 - * K 15.08+£4.95
120 16.18+6.78 16.30+3.75 15.16+£3.35 17.14+£6.47 19.54£5.56 14.48+4.36 - * wx 16.25+5.33
135  18.17+£7.36 18.57+4.00 17.08+3.58 19.44+6.98 22.14+5.88 16.36+£4.66 - * wx 18.38+5.77
150  20.45+7.15 20.61+3.82 18.67+3.38 22.06+6.67 24.29+5.78 18.51+4.36 - R HE 20.54+5.58
165 22.65+6.48 22.98+3.33 21.34+3.19 24.03+£5.92 26.40+4.74  20.90+4.06 - KR HE 22.82+5.01
180 24.39+6.15 2491+34.24 22.73+3.24 26.25£595 28.74+4.65 2247+4.03 - HEE Ak 24.67+5.17
210 27.39£6.00 27.83+4.20 25.32+3.10 29.50+£5.64 31.75+447  2540+3.89 - A AR 27.62+5.02
240 29.82+5.37 30.40+4.34 28.34+3.22 31.58+5.42 34.16£4.28  27.95+3.51 - HE ok 30.12+4.80
270 32.65+5.05 33.02+4.16 31.29+£3.06 34.12+5.20 36.58+4.23  30.84+3.31 - R AR 32.85+4.55
Body length (cm)

Birth 23.50+1.81 24.02+2.18 23.92+1.89 23.66+2.13 23.57+2.16  23.88+1.95 - - - 23.78+2.00
15 33.32+2.83 34.07+1.87 33.33+£2.06 34.02+2.62 34.64+£2.25  33.21+2.33 - - - 33.71+2.38
30 37.66+2.66 38.21+2.06 37.11+1.50 38.64+2.71 38.43+2.23  37.69+241 - - - 37.95+£2.35
45 41.00£1.98 41.90+2.87 40.83+2.01 42.00+£2.78 42.71+2.75  40.81+2.12 - - * 41.48+2.50
60  44.66+3.97 4538+3.86 44.28+2.87 45.66+4.52 47.57+4.04  43.67+3.08 - - *x 45.04+3.88
75 45.97+£4.57 47.69+4.05 46.61+£3.53 47.09+4.98 49.82+4.50 4529+3.37 - - ** 46.88+4.34
90  47.53+£5.38 48.95+4.63 47.72+£3.96 48.73£5.74 51.86+4.86 46.35+3.93 - - HoHE 48.28+4.99
105 49.13+£6.06 50.62+4.83 49.69+4.11 50.09+6.41 54.04+5.28  47.69+4.11 - - HoAk 49.91+543
120 50.95+£5.96 52.17+5.44 50.81+4.16 52.23+6.66 55.89+5.54  49.27+423 - - HAE 51.59+5.65
135  53.11+5.66 53.98+5.09 52.72+3.86 5425+6.27 57.50+£524  51.44+4.06 - - HAE 53.56+5.32
150  55.21£6.56 55.79+5.90 54.25+4.12 56.55+7.35 59.50+£6.92  53.37+4.51 - - *x 55.51+6.15
165 56.82+£594 57.52+5.38 55.92+3.57 58.23+6.73 60.89+6.25  55.19+4.07 - * ** 57.19+5.59
180 58.58+£5.73 59.40+4.93 57.28+3.04 60.43+6.29 62.18£5.91 57.31£4.07 - * * 59.01+5.27
210 60.66+£5.27 61.40+4.65 59.25+2.64 62.52+5.83  63.86+5.51 59.54+3.87 - R HAE 61.05+4.91
240 6247420 63.12+431 61.19£2.86 64.14+4.72  65.96+4.61 61.12+£2.84 - HE HEk 62.81+4.21
270  63.47+4.12 64.21+4.21 62.17£2.50 65.25+4.70 67.00+4.85  62.17+2.43 - AR 63.86+4.13

n denotes the number of kids, *: P<0.05, **: P<0.01, ***: P<0.001, -: None significance

Forehead length was significantly affected by dam age
at day 30 and between day 60 and day 90 (P<0.05). After
day 60, both sex and birth type had a statistically significant
effect on forehead length (P<0.05, Table 6).

Front and rear shin circumference

Dam age significantly affected front shin circumference
only at day 240 (P<0.05). Sex had a statistically significant
effect on front shin circumference from day 165 onwards
(P<0.05). Birth type significantly influenced front shin
circumference at birth, day 75, day 135, and from day 165
onward (P<0.05, Table 7).

Dam age did not affect rear shin circumference at any
measurement time (P>0.05). However, sex had a signifi-
cant effect on rear shin circumference from day 165 onward

@ Springer

(P<0.05). Birth type showed a statistically significant effect
on rear shin circumference from day 30 onward, except at
day 75 (P<0.05, Table 7).

Testicular measurements

In Gurcu goat kids, dam age significantly affected testic-
ular diameter from day 90 to day 150, except at day 135
(P<0.05). Birth type significantly influenced testicular
diameter at day 105 and from day 210 to day 270.

Testicular length was affected by the dam age only at day
60 (P<0.05). Birth type had a significant effect on testicular
length from day 210 to day 270 (P<0.05).

Scrotal volume was significantly affected by the dam age
at day 45 and day 60. Birth type influenced scrotal volume at
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Table 4 Effect of dam age, sex, and birth type on withers height and rump height

Days Dam age (year) Sex Birth type Significance Overall (n=40)
3 (n=19) 4 (n=21) Female (n=18) Male (n=22) Single (n=14) Twin (n=26) Dam age Sex Birth type
Withers height (cm)
Birth 26.61+2.83 28.55+2.29 27.42+2.59 27.80+2.85 27.82+3.28  27.52+2.42 * - - 27.63+£2.71
15 33.05+£2.70 34.36+1.71 33.42+1.83 34.00+£2.64 34.63+2.52  33.25+2.07 - - - 33.74+2.30
30 36.87+£1.93 37.56+£2.06 36.44+1.70 37.88+£2.04 38.21+2.18 36.70+£1.72 - ¥R 37.23+2.00
45 39.55+2.01 40.83+2.58 39.72+1.71 40.64£2.79 41.75+2.53 39.40+£1.88 - - oK 40.23+2.38
60 41.11£2.33 43.17+£2.40 41.50+2.12 42.75+£2.79 43.50+£2.78  41.48+2.17 * * * 42.19£2.56
75 42.66+£3.78 44.45+£2.68 42.81+2.16 44.25+3.98 45.39+4.31 42.64+£221 - * * 43.60+3.33
90 44.79+£3.93 45.98+3.61 44.44+2.28 46.20+£4.55 47.29+4.57 4440+294 - * * 45.41+£3.77
105 46.00+4.60 47.33+3.83 45.83+2.63 47.41£5.12 49.43+4.51 4523+3.28 - * koK 46.70+4.22
120 47.39+4.51 48.74+3.85 46.97+2.68 49.02+£4.96 51.04+4.14  46.52+£3.30 - * o 48.10+4.18
135 48.58+4.44 49.88+4.00 48.08+2.65 50.23+£5.01 51.96+4.23  47.81+3.48 - * *ox 49.26+4.21
150  50.21+5.16 51.36+3.84 49.39+2.31 51.98+5.48 53.68+4.69  49.27+3.61 - * *x 50.81+4.49
165 51.34+4.78 53.48+3.81 50.94+2.24 53.70+£5.29 5525+4.57  50.96+3.52 - * *x 52.46+4.38
180 52.55+4.70 54.81+3.89 51.92+2.23 55.23+5.16 56.36+4.44  5233+3.73 - R k% 53.74+4.39
210 54.24+4.62 56.67+3.87 53.53+2.49 57.14£4.92 58.61+4.79  53.85+3.09 * HAE hwx 55.51+£4.36
240  57.13+£4.94 58.93+4.17 55.69+2.66 60.02+4.94 61.39+4.62  56.29+3.49 - HAE hwx 58.08+4.58
270  58.97+4.90 60.50+4.59 57.17+2.70 61.91+£5.02 63.00+4.88  58.04+3.70 - A kkx 59.78+4.74
Rump height (cm)
Birth 28.63+2.98 30.26+2.08 29.31+2.47 29.64+2.83 29.96+2.82  29.23+£2.57 * - - 29.49+2.65
15 34.214£2.63 35.14+£2.11 34.39+2.08 3495+£2.63 35.18+2.53 3444+231 - - - 34.70+2.39
30 38.24+2.05 38.45+1.89 37.75+1.68 38.84+2.04 39.25+1.71 37.87£1.92 - * - 38.35£1.95
45 40.95+1.86 41.88+£2.16 41.00+1.82 41.80£2.19 42.79+£2.06  40.71£1.66 - - - 41.44+2.05
60 42.76+£1.77 43.90+£2.57 42.61+1.88 43.98+£2.43 44.07+2.78  4298+191 - * - 43.36+2.28
75 44.63+£3.34 4543+£3.06 44.28+2.16 45.68+3.75 46.32+4.34  4437+2.14 - * * 45.05+3.18
90 46.58+3.58 47.40+3.66 46.11+2.23 47775£4.33 48.68+4.55  46.12+£2.65 - * - 47.01+£3.60
105 47.89+4.30 48.21+3.94 47.39+2.56 48.61£4.96 50.25+4.69  46.88+£3.19 - - - 48.06+£4.06
120 48.97+4.81 49.33+4.19 48.44+2.74 49.75£545 51.36+£5.25  47.98+3.51 - - - 49.16+4.44
135  50.21+4.95 50.86+4.06 49.92+2.71 51.07+£5.51 52.71+5.19  49.38+3.60 - - - 50.55+4.46
150  52.03+5.30 52.55+4.02 51.53+2.88 52.93+5.65 54.39+5.31 51.17+£3.85 - - - 52.30+4.62
165 53.63+5.29 54.43+3.82 52.94+2.65 54.94+2.65 55.75+525  53.13+£391 - * - 54.05+4.54
180 54.79+4.67 55.71+3.86 54.03+2.62 56.30+£5.03 57.07+4.69  5431+3.71 - * - 55.28+4.23
210 56.82+4.43 57.60+3.85 55.53+2.28 58.61+£4.75 59.43+4.62  56.04+3.31 - o 57.23+4.10
240 58.63+4.24 59.07+3.79 57.00+2.61 60.39+4.28 61.32+4.27  57.54+3.14 - A 58.86+3.96
270 59.95+4.47 60.57+4.27 58.06+2.59 62.09+4.64 62.64+4.72  59.00+3.56 - A 60.28+4.32

n denotes the number of kids, *: P<0.05, **: P<0.01, ***: P<0.001, -: None significance

all measurement times except day 15 and day 150 (P<0.05,
Table 8).

Summary of significant fixed effects and trait
variability

To provide a clearer and more concise overview of the sta-
tistical findings, a summary table was prepared (Table 9).
This table compiles all statistically significant fixed effects
(P<0.05) of dam age, sex, and birth type across the exam-
ined growth and morphological traits. In addition, the over-
all mean and coefficient of variation (CV%) for each trait
are presented to illustrate the extent of variability within
the population. This summary offers an integrated view of
how the main factors influenced different traits throughout

@ Springer

the study period and helps improve the readability of the
Results section.

Survival rate

The survival rate of the kids was 91.1% (41/45) at day 30
and 97.6% (40/41) at day 180. No additional mortalities
occurred after day 180. Mortality in the first 30 days con-
sisted of two male twin kids and two female twin kids, while
one male single-born kid died at day 180 due to pneumonia.

The overall survival rate of Gurcu goat kids at day 270 was
88.9% (40/45).
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Table 5 Effect of dam age, sex, and birth type on chest depth and chest circumference

Days Dam age (year) Sex Birth type Significance Overall (n=40)
3 (n=19) 4 (n=21) Female (n=18) Male (n=22) Single (n=14) Twin (n=26) Dam age Sex Birth type
Chest depth (cm)
Birth 9.82+1.23 10.74+1.17 10.22+1.10 10.36£1.42  10.64+1.41 10.12+1.18 * - - 10.30+£1.27
15 12.66£1.26 13.62+1.02 13.14+1.12 13.18+1.33 13.89+1.33 12.77£0.98 * - *x 13.16+£1.23
30 15.13+1.33 16.19+1.10 15.83+1.41 15.57£1.25 16.43+£1.04 1529+£1.29 * - o 15.69+£1.31
45 16.42+1.36 17.43+1.34 17.22+1.67 16.73£1.18 17.82+0.97 16.48+1.43 - - *ok 16.95+1.43
60 17.74+£1.38 18.40+1.19 18.11%1.11 18.07+£1.48 19.04+1.29 17.58+1.03 - - rorx 18.09+1.31
75 18.39£1.64 19.24+£1.35 18.83£1.22 18.84+1.53 19.86+1.47 18.29+1.28 - - kK 18.84+1.53
90 18.87+£1.62 19.81£1.26 19.17+1.11 19.52+£1.77 20.25+1.66 18.89+1.19 - - ** 19.36+1.50
105 19.66+1.80 20.60+1.54 20.00+1.15 20.27+£2.09 21.36+1.78 19.50£1.30 - - kK 20.15+£1.71
120 20.50+2.32 21.40+1.73 20.72+1.41 21.18+£2.48 22.36+2.02  20.23+£1.68 - - o 20.98+2.05
135  21.55+2.66 22.45+1.88 21.69+1.41 22.30+2.84 23.39+2.57  21.29+1.80 - - *ok 22.03£2.30
150  22.37+2.75 23.07+1.97 22.28+1.33 23.11+2.94 24.14+£2.63  21.98+1.86 - - *ok 22.74+2.37
165 23.16+2.52 23.76+2.00 22.97+1.36 23.89+£2.75 24.82+2.52  22.75+£1.76 - - *x 23.48+2.26
180 23.89+2.38 24.69+1.71 23.83+1.11 2470+2.57 25434278  23.71+£1.71 - - * 24.31+£2.07
210 24.79+2.11 25.74+1.48 24.92+1.13 25.59+£2.26 26.32+1.75  24.73+£1.68 - - * 25.29+1.85
240 25.79+1.64 26.45+1.62 25.69+1.34 26.50£1.80 27.50£1.30  2540+1.31 - - Hork 26.14+1.64
270 26.45+1.67 26.95+1.77 26.25+1.46 27.09+1.86 28.25+1.11 25.89+1.40 - * Hoxx 26.71+£1.72
Chest circumference (cm)
Birth 30.00+2.09 30.76+1.12 30.64+1.38 30.20+£1.89  30.68+1.03 30.25£1.94 - - - 30.40+1.68
15 35.84+£2.30 37.74+£2.50 36.58+2.37 37.05+£2.75 38.11£236  36.15+2.44 * - * 36.84+2.56
30 40.84£2.77 42.95+2.49 42.03+£2.35 41.89+3.18 42.93+2.64  41.42+280 * - - 41.95+2.81
45 45.16+£3.18 46.86+3.19 45.78+2.89 46.27+£3.58 47.25+3.16  4540+3.18 - - - 46.05+3.26
60 47.03£3.39 49.88+3.62 48.06+4.37 48.91+£2.37 50.79+3.80  47.31+£3.18 * - *k 48.53+3.76
75 48.79£4.00 51.45+£3.77 49.78+3.58 50.52+4.47 52.46+3.94  48.96+3.63 * - * 50.19+4.06
90 50.34+5.06 53.07+5.24 50.67+3.69 52.68+6.22 54.57+6.12  50.27+4.14 - - * 51.78+5.27
105 52.18+6.11 54.55+4.66 52.25+3.96 5439+£6.36 56.14+£590  51.96+4.69 - - * 53.43+5.46
120 53.76+7.04 55.71+5.06 53.67+4.53 55.70+7.08 57.57+6.48  53.28+540 - - * 54.79+6.08
135 55.95+7.48 5831+5.15 55.83+4.88 58.30+£7.33 60.00+£6.59  55.67+5.86 - - * 57.19+£6.39
150 58.21+7.71 60.33+4.81 58.14+4.99 60.30+7.27 62.04+597  57.87+6.19 - - * 59.33+6.36
165 61.00+7.03 63.69+3.69 61.22+4.18 63.39+6.51 65.46+4.93 60.77£5.36 - - * 62.41+5.62
180  62.53£6.28 65.86+£3.54 62.94+4.08 65.36+£590 67.39+426  62.60+5.01 * * ** 64.28+5.24
210 65.55+4.90 68.45+3.66 65.67+3.59 68.23+4.88 70.46+3.88  65.25+3.69 * Rk 67.08+4.48
240 68.53+£3.68 70.95+4.15 68.64+3.43 70.75+4.37 73.71+2.61 67.69+£3.02 - * roxx 69.80+£4.07
270  69.95+3.74 72.00+4.41 69.61+3.45 72.18+4.44 7496+2.84  68.90+3.12 - R kR 71.03+4.18

n denotes the number of kids, *: P<0.05, **: P<0.01, ***: P<0.001, -: None significance

Correlation

Strong positive correlations were found between body
weight and all major morphological traits at day 270
(P<0.01, Table 10). In particular, chest circumference,
body length, and withers height showed the highest correla-
tions coefficients with body weight in both male and female
kids (P<0.01, Table 10). Similar strong correlations were
also detected within both single-born and twin-born kids
(Table 10).

Discussion

Gurcu goats, originating from the Caucasus and classified
among Tirkiye’s local breeds, have successfully adapted
to harsh geographical conditions and severe climates of
their habitat (Kuru et al. 2017; Sezgin et al. 2010). Simi-
lar to other geographically restricted local breeds, limited
ecological adaptation areas and harsh climatic stressors
have contributed to their numerical decline over time (Kuru
and Boga Kuru 2020; Sezgin et al. 2010). Unfortunately,
the numbers of this local breed have shown a rapid decline
in recent years. Conservation and support programs have
been implemented to mitigate this decline. Such preserva-
tion approaches are also emphasized for other endangered
local goat breeds in the region (Kheirabadi and Rashidi
2019). For comparison with other local breeds, Gurcu goats

@ Springer
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Table 6 Effect of dam age, sex, and birth type on head length and forehead length

Days Dam age (year) Sex Birth type Significance Overall (n=40)
3 (n=19) 4 (n=21) Female (n=18) Male (n=22) Single (n=14) Twin (n=26) Damage Sex Birth type
Head length (cm)
Birth 10.90+0.70 11.05+0.69 11.11+0.74 10.86+£0.64 11.07+0.70 10.92+0.69 - - - 10.98+0.69
15 12.19+£0.95 12.29+1.18 12.31+1.23 12.18£0.92 12.75+1.01 11.96+0.99 - - * 12.24+1.06
30 13.55+0.59 13.47+0.89 13.53+0.74 13.50+£0.76  13.71+0.91 13.40+£0.62 - - - 13.51+£0.74
45 14.24+£0.93 14.29+£0.79 14.08+0.75 14414092 14.46+0.69 14.15£0.92 - - - 14.26+0.85
60 14.93+1.31 15.11+1.51 14.36+1.15 15.55€1.36 15.50+1.59 1475122 - * - 15.01£1.39
75 15.36+1.42 15.50+£1.21 14.78+0.91 15.95+1.37 16.14+1.34 15.04+1.34 - R kX 15.43+1.31
90 15.64+1.39 15.79+1.43 15.03+0.85 16.27+£1.51 16.64+1.05 1521+1.31 - A kxx 15.71+£1.39
105  16.17+1.38 16.11+1.39 15.61+0.68 16.57+1.64 17.00£1.09 15.67+1.29 - HH A 16.14+1.37
120 16.67£2.00 16.61+1.90 15.78+1.31 17.34+2.10 17.89+1.43 15.96+1.84 - HE AR 16.64+1.93
135 17.36+2.03 17.58+2.20 16.56+1.50 18.20+£2.23  18.96+1.49 16.65£1.92 - * Hkk 17.46+2.09
150 17.81£1.94 18.16+2.60 17.00+1.38 18.77+£2.53  19.68+2.02 17.06+1.82 - R kR 17.98+2.25
165 18.43+£1.93 18.63+£2.29 17.64+1.25 19.25+2.36 20.00+1.86 17.73+1.76 - R kR 18.53+2.08
180 18.79+1.99 19.08+2.15 17.89+1.36 19.77£2.15 20.25+1.93 18.21+£1.76 - R kX 18.93+2.05
210 19.81+£1.76 19.92+1.91 19.06+1.19 20.52+1.98 20.68+2.04 19.42+£1.53 - R 19.86+1.81
240  20.17+£1.71 20.26+1.81 19.31+1.13 20.95+1.82  21.00+2.03 19.79+1.43 - HAE 20.21+1.74
270 20.62+1.75 20.84+1.83 19.64%1.16 21.61£1.70 21.71+1.95  20.19+1.44 - Ak 20.73+£1.77
Forehead length (cm)
Birth 5.97+0.60 6.13+0.74 6.00+0.59 6.09+0.73 6.29+0.73 5.92+0.61 - - - 6.05+0.67
15 6.88+0.47 6.87+£0.37 6.83+0.45 6.91+£0.40  7.07+0.33 6.77+£0.43 - - - 6.88+0.42
30 7.10+£0.46 7.29+0.35 7.11+0.44 7.25+£0.40  7.36+0.41 7.10£0.40  * - - 7.19+0.42
45 7.36+0.59 7.63+0.66 7.31+0.46 7.64+0.73 7.79+0.80 7.33+0.45 - - - 7.49+0.64
60 7.55+£0.65 7.95+0.78 7.50+0.62 7.93+0.78  8.25+0.87 7.46+£047  * * kK 7.74+0.73
75 7.64+£0.69 8.00+£0.87 7.56+0.59 8.02+0.88  8.39+0.96 7.50+0.45 * R kR 7.81+0.79
90 7.86+0.78 8.13+0.80 7.69+0.57 8.23+0.87  8.54+£0.95 7.69+0.49  * R kx 7.99+0.79
105  7.97+0.89 8.16+0.96 7.69+0.69 8.36+0.98  8.64%1.12 7.75£0.60 - R 8.06+0.91
120 7.98+0.97 8.24+0.93 7.72+0.60 8.41+1.08  8.79+1.19 7.73£0.51 - R kx 8.10+0.95
135 833+0.97 837+1.14 7.97+0.78 8.66+1.14  9.11+1.16 7.94+£0.70 - R Rk 8.35+1.04
150 836+1.11 8.61+1.47 7.83+0.51 9.00+1.48  9.46+1.60 7.95+£0.62 - A kxx 8.48+1.28
165 8.62+1.07 8.87+1.37 8.14+0.48 9.23+1.41 9.71+1.42 8.21+0.65 - A kxx 8.74+1.21
180 8.71+1.07 9.05+1.30 8.17+0.49 9.45+1.27  9.88+1.49 8.44+0.68 - Ak 8.88+1.18
210 9.12+1.24 937+1.18 8.44+0.57 9.89+1.20 10.00£1.30  8.83+0.94 - HAE kxx 9.24+1.20
240 9.38+1.24 9.58+1.08 8.61+0.58 10.18+£1.03 10.14+£1.25  9.12+0.95 - A howx 9.48+1.16
270 9.52+1.36 9.68+1.00 8.78+0.65 10.27+1.12  10.36+1.28  9.19+0.94 - ARk 9.60+1.19

n denotes the number of kids, *: P<0.05, **: P<0.01, ***: P<0.001, -: None significance

are considered a geographically restricted population with
limited published data on their growth and development.
Previous studies have reported only baseline morphological
descriptions and small-scale evaluations for this breed (Kuru
et al. 2017; Kuru and Boga Kuru 2020). This study aimed
to determine some morphological characteristics, growth
performance, and survival rates in Gurcu goat kids. There
are very few more comprehensive studies on growth, devel-
opment characteristics, and morphological data specific to
Gurcu goats (Kuru et al. 2017; Kuru and Boga Kuru 2020).
Given the scarcity of detailed studies on this breed, the pres-
ent findings offer new baseline values that may assist both
scientific documentation and practical flock management.

@ Springer

Growth performance

Birth weight can be effective in predicting early growth per-
formance in goats (Atta et al. 2024; Tekin and Arli 2019).
The birth and weaning weights of Damani kids were 2.71 kg
and 6.50 kg, respectively, and the growth rates of these kids
at day 150, day 210, and day 270 were 12.01 kg, 16.30 kg,
and 23.56 kg, respectively. High birth weights were directly
associated with increased growth rates in later periods (Din
et al. 2019). For comparison, birth weight and day 270 live
weight of Teddy goats were 1.66 kg and 16.69 kg, respec-
tively (Kuthu et al. 2013), while these values were 2.81 kg
and 15.70 kg, respectively, in Mehsana goats (Patel and
Pandey 2013). Indian local breeds of goats live weights at
birth and day 270 are between 1.30 and 3.00 kg and 8.80—
24.00 kg, respectively (Hegde and Deo 2020). While the
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Table 7 Effect of dam age, sex, and birth type on front Shin and Rear Shin length

Days Dam age (year) Sex Birth type Significance Overall (n=40)
3(m=19) 4 ®m=21) Female (n=18) Male (n=22) Single (n=14) Twin(n=26) Damage Sex Birth type

Front shin (cm)

Birth 5.76+0.39 5.76+0.41 5.64+0.41 5.86+0.35 5.61+0.40 5.85+0.37 - - * 5.76+0.39
15 6.13+0.23 6.24+0.30 6.14+0.29 6.23+0.25 6.14+0.31 6.21+0.25 - - - 6.19+0.27
30 6.61+0.39 6.67+0.40 6.56+0.38 6.70+0.40 6.71+£0.43 6.60+0.37 - - - 6.64+0.39
45 6.89+0.54 7.12+0.50 7.03+0.47 7.00+0.58 7.14+0.57 6.94+0.50 - - - 7.01£0.52
60 7.00+£0.41 7.21+£0.46 7.11£0.37 7.11£0.51 7.29+0.47 7.02+0.41 - - - 7.11+£045
75 7.16+£0.41 7.26+0.54 7.14+0.38 7.27+0.55 7.46+0.50 7.08+0.42 - - * 7.21+0.48
90 7.29+0.38 7.40+0.58 7.33+0.49 7.36+0.52 7.57+0.51 7.23+0.45 - - - 7.35+£0.50
105 7.26+0.54 7.50+0.55 7.33+0.45 7.43+£0.62 7.61+£0.49 7.27+0.55 - - - 7.39+0.55
120 7.50+£0.44 7.67+0.58 7.53+0.47 7.64+0.56 7.79+0.51 7.48+0.50 - - - 7.59+0.52
135 7.63+0.50 7.83+0.66 7.67+0.49 7.80+0.67 8.07+0.58 7.56+0.52 - - * 7.74+0.59
150  7.74+0.61 7.93+0.69 7.67+0.49 7.98+0.75 8.18+0.70 7.65+0.56 - - * 7.84+0.65
165 7.89+0.54 8.12+0.71 7.78+0.46 8.20+0.70 8.32+0.58 7.85+0.61 - * * 8.01+0.64
180 7.97+0.54 8.21+0.66 7.81+0.42 8.34+0.64 8.43+0.65 7.92+0.52 - *EOK 8.10+0.61
210 8244045 8.40+0.60 8.03+0.47 8.57+0.47 8.68+0.42 8.13+0.50 - HAE L kx 8.33+0.54
240  8.32+0.34 8.57+0.60 8.17+0.42 8.68+0.45 8.82+0.46 8.25+0.41 * HAk Rk 8.45+0.50
270  8.50+0.55 8.69+0.64 8.28+0.49 8.86+0.56 9.07+0.51 8.35+0.49 - A ok 8.60+0.60
Rear shin (cm)

Birth 5.76+0.45 5.76+0.34 5.72+0.35 5.80+0.43 5.64+0.41 5.83+0.37 - - - 5.76+0.39
15 6.13+£0.28 6.19+£0.29 6.17+0.30 6.16+0.28 6.21+0.26 6.13+0.30 - - - 6.16£0.29
30 6.50+0.44 6.67+0.40 6.58+0.39 6.59+0.45 6.86+0.31 6.44+0.41 - - *k 6.59+0.42
45 6.84+£0.58 7.02+0.49 6.94+0.45 6.93+0.60 7.25+£0.47 6.77+0.49 - - * 6.94+0.53
60 6.95+£0.47 7.10+£0.52 6.97+0.40 7.07+0.56 7.32+0.46 6.87+0.44 - - * 7.03+£0.49
75 7.13+£0.52 7.21+£0.56 7.08+0.46 7.25+0.59 7.43+0.43 7.04+0.55 - - - 7.18+0.54
90 7.32+0.61 7.33+0.53 7.25+0.52 7.39+0.60 7.68+0.50 7.13+0.50 - - ** 7.33+0.56
105  7.24+£0.65 7.36+0.48 7.28+0.49 7.32+0.63 7.61+£0.45 7.13+0.56 - - * 7.30+0.56
120 7.34+0.53 7.50+0.59 7.36+0.54 7.48+0.59 7.79+0.51 7.23+0.49 - - wox 7.43+0.56
135 7.53+0.59 7.69+0.60 7.50+0.45 7.70+0.68 7.96+0.60 7.42+0.50 - - * 7.61£0.59
150  7.68+0.63 7.88+0.69 7.61+0.44 7.93+0.78 8.21+0.67 7.56+0.54 - - *x 7.79+0.66
165 7.92+0.53 8.10+0.82 7.67+0.42 8.30+£0.75 8.39+0.63 7.81+0.65 - ¥R 8.01+0.69
180  8.03+£0.56 8.07+0.69 7.72+0.43 8.32+0.65 8.50+0.65 7.81+0.47 - Rk 8.05+0.63
210 8244042 8.29+0.64 7.92+0.39 8.55+0.49 8.64+0.50 8.06+0.45 - HAE ok 8.26+0.54
240  8.32+0.38 8.40+0.66 8.03+0.47 8.64+0.44 8.79+0.43 8.13+0.46 - HAE ok 8.36+0.54
270  8.39+0.49 8.52+0.64 8.08+0.39 8.77+0.51 8.89+0.49 8.23+0.47 - A ok 8.46+0.57

n denotes the number of kids, *: P<0.05, **: P<0.01, ***: P<0.001, -: None significance

birth weights of male and female Angora kids in goats were
2.45 kg and 2.32 kg, respectively (Senyiiz 2021), the aver-
age birth weights were 2.9 kg in Saanen goats (Ceyhan and
Karadag 2009), 2.01 kg in Sekota goats (Deribe and Taye
2013) and 3.02 kg in Hair goat kids (Tekin and Ogeg 2017).
Similarly, recent studies on Hair goats raised under breeder
conditions in Tirkiye reported birth weights between 2.7
and 3.2 kg, supporting the range observed in our study
(Erdogan et al. 2023; Giingor et al. 2021). The birth weights
determined in our study were generally compatible with the
values reported in previous studies, falling within the mid-
range of these published values.

It should not be forgotten that genetic factors are impor-
tant for growth performance and productivity of kids. The
growth performance of different goat breeds varies signifi-
cantly accordingly. Depending on the genotype, both birth

and weaning weights may vary in kids (Yildirir et al. 2019).
Similarly, crossbreeding of Hair goats with Boer goats has
led to significant differences in growth rates, which are
largely influenced by breed type (Bolacali et al. 2017). In
our previous study, the average live weights of Gurcu kids at
day 30 and day 270 of age were 6.4 kg and 31.6 kg, respec-
tively. Sex at day 210 and day 270 and type of birth at day
90 and day 150 were effective on live weight (Boga Kuru
et al. 2024). The present study showed that birth weight in
Gurcu kids was consistent with values reported for many
local goat breeds. Moreover, similar to our findings regard-
ing the effect of sex, studies on Hair goat populations in
Tiirkiye have demonstrated a clear sex-linked growth pat-
tern, with males showing a significant growth advantage
(Ceyhan et al. 2022; Gul et al. 2023). However, in our case,
live weight at day 270 was considerably higher than the

@ Springer
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Table 8 Effect of dam age, sex, and birth type on testis diameter, testis length, and scrotum volume

Days Dam age (year) Birth type Significance Overall (n=40)
3 (n=12) 4 (n=10) Single (n=8) Twin (n=14) Dam age Birth type
Testis diameter (cm)
15 1.43+0.16 1.33+0.13 1.46+0.15 1.34+0.14 - - 1.38+0.15
30 1.92+0.28 1.82+0.30 2.06+0.16 1.76+£0.29 - - 1.87+0.29
45 2.40+0.32 2.42+0.47 2.45+0.36 2.39+0.41 - - 2.41+0.39
60 2.64+0.36 2.78+0.40 2.71+0.43 2.70+£0.36 - - 2.70+£0.38
75 2.82+0.45 3.08+0.51 2.89+0.49 2.96+0.50 - - 2.94+0.48
90 3.04+0.43 3.52+0.21 3.19+£0.42 3.30+0.43 * - 3.26+£0.42
105 3.36+0.44 3.75+0.26 3.66+0.39 3.46+0.42 *k * 3.54+0.41
120 3.53+0.44 3.87+0.26 3.79+0.36 3.62+0.42 * - 3.68+0.40
135 3.64+0.54 3.94+0.26 3.96+0.43 3.67+£0.45 - - 3.78+0.46
150 3.79+0.51 4.20+0.35 4.08+0.49 3.92+0.48 * - 3.98+£0.48
165 4.07+0.57 4.34+0.24 4.35+£0.48 4.10+£0.44 - - 4.19+0.46
180 4.39+0.53 4.50+£0.24 4.65+£0.43 4.32+0.37 - - 4.44+0.42
210 4.66+0.58 4.71+£0.20 5.01+045 4.49+0.32 - ** 4.68+0.44
240 5.03+0.64 4.96+0.28 5.44+0.34 4.75+0.40 - wx 5.00+0.50
270 5.22+0.70 5.14+0.42 5.71+0.24 4.88+£0.48 - HAE 5.18+0.58
Testis length (cm)
15 3.33+0.21 3.23+0.27 3.36+0.23 3.24+0.23 - - 3.28+0.23
30 3.61+0.24 3.40+0.29 3.63+0.28 3.45+0.27 - - 3.51+£0.28
45 3.75+0.26 3.50+0.24 3.88+0.23 3.50+0.20 - - 3.64+0.28
60 4.03+0.51 3.63+£0.22 4.21+£0.51 3.64+0.21 * - 3.85+0.44
75 4.28+0.96 3.86+0.25 4.56+1.07 3.82+0.24 - - 4.09+0.74
90 4.63+£1.06 4.23+£0.34 5.06+0.96 4.09+£0.48 - - 4.45+0.82
105 5.13+1.03 5.05+0.60 5.50+0.80 4.86+0.79 - - 5.09+0.84
120 5.15+0.73 5.35+0.67 5.48+0.44 5.11+0.79 - - 5.24+0.69
135 5.41+0.86 5.65+0.94 5.80+0.42 5.36+1.05 - - 5.52+0.89
150 5.88+1.09 6.10+0.88 6.31+0.65 5.79+1.10 - - 5.98+0.98
165 6.63+1.15 6.90+0.81 7.19+0.65 6.50+1.09 - - 6.75+1.00
180 7.29+1.37 7.65+0.82 7.94+0.42 7.18+1.34 - - 7.45+1.14
210 8.17+1.09 8.20+0.95 8.81+0.46 7.82+1.07 - * 8.18+1.01
240 8.79+1.10 8.45+0.93 9.50+0.46 8.14+0.91 - ** 8.64+1.01
270 9.79+1.27 8.95+0.98 10.69+0.59 8.68+0.75 - HAE 9.41+1.20
Scrotum volume (cm®)
15 19.58+6.20 18.80+3.65 21.88+5.94 17.71+4.03 - - 19.23+5.10
30 22.08+6.56 23.00+3.50 25.00+6.55 21.07+4.01 - * 22.50+5.29
45 24.75+8.41 26.00+5.68 30.00+5.35 22.64+6.80 * ** 25.32+7.16
60 30.00+7.98 29.00+£8.43 35.63+£9.43 26.07+4.46 * HHE 29.55+8.00
75 34.17+11.45 32.00+£10.85 40.63+£10.84 28.93+8.81 - * 33.18+10.97
90 44.17+£21.93 40.30+£16.23 55.63+20.95 34.86+13.81 - * 42.41+19.20
105 57.08+33.20 54.00+22.71 73.13+£29.87 45.71£22.77 - * 55.68+28.30
120 73.33+43.97 63.50+£28.87 95.00+£38.17 53.93+28.43 - * 68.86+37.35
135 88.33+53.82 84.50+32.10 118.13+39.55 68.57+£36.57 - * 86.59+44.30
150 110.00+45.53 106.00+£30.62 133.75+£38.15 93.57+31.53 - - 108.18+38.62
165 145.83+45.02 126.50+34.32 175.63+33.53 115.00+£25.34 - ** 137.05+40.79
180 165.00£36.80 154.00+35.65 188.75+20.31 143.57+£32.49 - *x 160.00+35.86
210 204.17+35.79 197.00+£34.33 223.75+25.60 187.86+32.62 - ** 200.91+34.49
240 236.67+23.48 236.00+38.64 247.50+£31.96 230.00+28.82 - * 236.36+30.48
270 267.08+42.02 246.00+£43.00 292.50+17.53 237.50+£40.13 - *ok 257.50+42.81

n denotes the number of kids, *: P<0.05, **: P<0.01, ***: P<0.001, -: None significance
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Table 9 Summary of significant effects (P<0.05) of dam age, sex, and birth type on growth and morphological traits in Gurcu goat kids, including

overall means and coefficients of variation (CV%)

Trait Dam age effect Sex effect Birth type effect Overall CV (%)
(P<0.05) (P<0.05) (P<0.05) (Mean+SD)

Live weight Birth 150-270 d 15-270d 32.85+4.55 13.8
Daily live weight gain — 90-270d All periods 0.095+0.014 14.7
Body length — 165-270 d 45-270d 63.86+4.13 6.5
Withers height Birth, 60 d 30-270 d (except 15,45)  30-270 d (except Birth, 15)  63.34+3.51 5.5
Rump height Birth 30, 60-90,>165d 75d 64.90+3.52 5.4
Chest depth Birth-30d 270d 30-270d 28.39+2.18 7.7
Chest circumference 15, 30, 60, 75,180,210d >180d 60-270 d 70.42+5.12 7.3
Head length — >60d 75-270d 18.76+1.41 7.5
Forehead length 30, 60-90 d >60d >60d 11.72+0.89 7.6
Front shin circumference 240 d >165d Birth, 75, 135,>165d 9.77+0.52 5.3

Rear shin circumference ~ — >165d
Testicular diameter 90150 d (except 135) —
Testicular length 60 d —

Scrotal volume 45,60 d —

9.89+0.49 5.0
3.87+0.48 12.4
6.37+0.58 9.1
64.95+£11.22 173

30-270 d (except 75 d)
105,210-270d

210-270d

All ages except 15 & 150 d

d: day

upper range reported for several other breeds, which may
reflect favorable adaptation of Gurcu goats to regional con-
ditions or effective herd management practices.

Sex-related differences in growth became apparent from
day 90, with males showing higher performance thereafter.
Birth type affected live weight from day 15 onward, consis-
tent with the notion that single-born kids have physiological
and nutritional advantages over twins. Comparable results
have also been reported in Cyprus Native Hair goats, where
males and singletons showed consistently higher growth
rates throughout the pre-weaning and post-weaning periods
(Arsoy et al. 2024). Taken together, these results confirm the
strong influence of sex and birth type on postnatal growth
and highlight the importance of early-life management in
optimizing kid development.

In the present study, the effect of dam age was limited
to birth weight, which is in line with reports showing that
maternal age mainly influences intrauterine development,
whereas postnatal growth is more strongly shaped by milk
yield, kid vigor, and management conditions (Ramaroka et
al. 2024; Sarma et al. 2019). The early and persistent effect
of birth type on growth traits is also consistent with studies
indicating that twins receive less uterine nutrient supply and
share maternal milk, resulting in reduced early growth com-
pared with singletons (Elmaz et al. 2020; Giil et al. 2022).
Overall, these findings support the view that early devel-
opmental constraints—particularly those related to litter
size—can have long-lasting impacts on growth trajectories
in local goat breeds.

Daily live weight gain

In Kilis (Giil et al. 2022), Mehsana (Patel and Pandey 2013),
and Hair goat kids (Yilmaz et al. 2023), the highest daily

live weight gain was also in males and singles. In addition,
as dam age increased, daily live weight gain in kids could
increase (Koluman et al. 2024). Similarly, in Ethiopian
goats (Deribe and Taye 2013) and in Bangladeshi Black
Bengal goats (Husain et al. 1996), similarly, male and single
kids grew faster, and daily live weight gain increased as par-
ity increased. In Saanen x Hair goat crossbreds, daily gain
was lower in the offspring of younger dams and in twins
(Yildirir et al. 2019). Comparable patterns were reported in
Turkish Hair goats, where males consistently showed higher
pre-weaning daily gains than females, and single-born kids
outperformed twins (Ceyhan et al. 2022). Similarly, Kilis
goats demonstrated significantly higher daily gains in males
and singles, supporting the sex- and litter-size—dependent
pattern observed in our study (Gul et al. 2023).

For comparison, in our study, the effect of dam age on
daily live weight gain in Gurcu goat kids was not signifi-
cant, whereas differences in sex and birth type became evi-
dent starting from days 90 and 15, respectively. After this
stage, male kids had higher daily live weight gain values
than females, and singles had higher daily live weight gain
values than twins. These findings are consistent with the
general pattern reported for many local goat breeds, where
sex and birth type play decisive roles in postnatal growth
dynamics. In light of these results, it shows that daily live
weight gain is mainly affected by sex and birth type, while
dam age, although significant in some studies, is not always
a determining factor. Perhaps if a wider dam age scale could
have been studied, the effect of dam age could have been
better revealed. Nevertheless, a broader range of dam ages
might have clarified whether age-related maternal factors
exert a more subtle influence on early growth performance.
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Table 10 Pearson correlation coefficients between live weight and morphological traits in female, male, single, twin, and all kids

Variables Live Head Forehead length CC Front Rear Body Withers height Chest
weight length shin shin length depth

Female Kids

Head length 0.873"

Forehead length 0.677" 0.731"

cC 0913  0.878™  0.710"

Front shin 0.762"  0.730™  0.688™ 0.792™

Rear shin 0.790"  0.760"  0.676™ 0817  0.838"

Body length 0.909" 0879  0.732" 0.947 08117  0.804™

Withers height 0.895"  0.878"  0.708™ 0.924™ 0807  0.861"  0.928"

Chest depth 0.887  0.883"  0.727" 0.943 0810  0.864™  0.9277 0963

Height at rump 0.900™  0.857""  0.741™ 0.908™  0.833™  0.825"  0.949"™  0.947" 0.931"

Male kids

Head length 0.872"

Forehead length ~ 0.824™  0.894"™

cC 0.922"  0.921™  0.851"

Front shin 0.824™  0.821™  0.742" 0.909™

Rear shin 0.800"" 0837  0.765™ 0.899"  0.925™

Body length 0.902 0918  0.863™ 0.958™ 0876  0.873"

Withers height 0.914™ 0914  0.857" 0961 0875 0876  0.960"

Chest depth 0.924™ 0925  0.860™ 0.967  0.880"™  0.867"  0.963 = 0967

Height at rump 0932 09177  0.869™ 0.970™  0.881"™  0.8777 0963  0.982" 0.970""

Single kids

Head length 0.883"

Forehead length 0.803" 0.907"

cC 0931  0.889™  0.794™

Front shin 0.857"  0.838"  0.766™ 0.928"

Rear shin 0.809™ 0816  0.759™ 0.884™  0.934™

Body length 09117 0902  0.817" 0.956™  0.896™  0.859™

Withers height 0.904™  0.920"  0.856" 09317 0880  0.884™  0.937"

Chest depth 0.925" 0918  0.829™ 0.944™ 0891  0.884™ 0956 = 0.965"

Height at rump 09317 0913  0.840™ 0.957  0.895™  0.880™ 09617 0970 0.970"

Twin kids

Head length 0.854"

Forehead length ~ 0.719™  0.804™

CcC 0.908" 0903  0.787"

Front shin 0.766™  0.766™  0.729™ 0.818"

Rear shin 0791 0812"  0.743" 0.853" 0871

Body length 0.894  0.890™  0.784™ 0.952" 0818  0.838™

Withers height 0.914™  0.889™  0.788™ 0.954™ 0833  0.862"  0.956™

Chest depth 0.899" 0886  0.778™ 0.966™ 0818  0.845" 0945 0959

Height at rump 0.909"  0.874™  0.794™ 0937 0842  0.843" 0953  0.969" 0.942"

All kids

Head length 0.871"

Forchead length ~ 0.765™  0.848™

cC 0.918™ 0898  0.777"

Front shin 0.804™ 07977  0.727" 0.863"

Rear shin 0.799"™ 0814  0.731" 0.867""  0.897™

Body length 0.904™  0.898  0.794™ 0.954™ 0850  0.847"

Withers height 0.908"  0.902"  0.799™ 0.945™  0.854™  0.872"  0.947"

Chest depth 0.909™  0.899"™  0.782™ 0.957  0.849™  0.862  0.949™  0.962"

Height at rump 0.921"  0.894™  0.808™ 0.946"" 0864 0859 09577  0.969" 0.954"

**: Correlation is significant at the 0.01 level (2-tailed). CC: Chest circumference
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Body length

In our study, the effect of dam age on body length in Gurcu
goat kids was not significant, and the effects of sex and birth
type appeared after days 150 and 45, respectively. After this
period, male kids were superior to females, and singles were
superior to twins in terms of body length. For comparison, in
Manavl goat kids, males were superior to females in terms
of body length (Akbas et al. 2023). Similarly, in Cyprus
Native Hair goats, males exhibited larger body dimensions
than female (Arsoy et al. 2024). In Saanen goat kids, singles
had longer body length than (Ceyhan and Karadag 2009).
In Hair and Saanen x Hair crossbreds, birth type especially
affected body length during the weaning period, but dam
age was not a determining factor (Tozlu Celik and Olfaz
2018). Taken together, both in our study and in the litera-
ture, body length is mainly affected by sex and birth type,
while dam age is not a determining factor.

Body length is influenced mainly by sex and birth type,
which aligns with the biological expectations of postnatal
growth. Male kids generally exhibit greater musculoskeletal
development due to higher androgen sensitivity after birth,
leading to longer body measurements compared to females
(Idamokoro et al. 2017). Single-born kids also tend to have
larger body dimensions because they benefit from greater
uterine space and nutrient availability, resulting in superior
early growth compared with twins (Giil et al. 2022). In con-
trast, dam age typically has only a limited effect on postnatal
linear growth; its influence is more evident on birth weight
rather than subsequent morphometric traits, which become
increasingly shaped by nutrition, genetic potential, and
environmental factors after birth. These biological explana-
tions further support our findings, where sex and birth type
affected body length at later stages, whereas dam age did not
demonstrate a significant impact.

Withers height

Dam age, sex, and birth type may affect growth and withers
height in kids. In Manavli goat kids, sex is the most deci-
sive factor in terms of withers height, with males having
higher values than females in growth periods. In the same
goat breed, the effect of birth type is insignificant, while the
effect of dam age (3—4 years) is limited (Akbas et al. 2023).
In Aleppo and Hair goats, males were superior to females
in withers height. However, birth type and dam age had no
significant effect on withers height (Erdem et al. 2022). In
our previous study on Gurcu goat kids, sex and birth type
could affect withers height in some growth periods (Boga
Kuru et al. 2024). In this study, however, dam ages were
not significantly effective on withers height. But sex and
birth type were effective on withers height starting from

the first month. Similarly, in Cyprus Native Hair goats,
males showed greater withers height than females (Arsoy
et al. 2024). In addition, strong positive correlations were
obtained between body weight and withers height, and with-
ers height may be a reliable parameter in evaluating growth
performance in Gurcu goat kids. These correlations indicate
that withers height may serve as a practical field indicator
to estimate overall body development without requiring
detailed measurements.

These findings are biologically expected. Male kids gen-
erally show greater musculoskeletal development, which
explains their higher withers height compared with females.
This difference is supported by detailed study on Gurcu goat
kids, which found that males exhibited wider growth plates
in long bones, indicating superior skeletal development
(Boga Kuru et al. 2024). Single-born kids also tend to grow
taller because they benefit from greater uterine space and
nutrient availability during gestation (Mellado et al. 2011).
In contrast, the limited effect of dam age is consistent with
previous reports, as maternal age influences birth weight
more than postnatal linear growth, which is largely shaped
by genetic potential and nutrition. Therefore, the pattern
observed in Gurcu goats follows the expected biological
trajectory reported across various local breeds, further sup-
porting the robustness of these results.

Chest depth and circumference

In our study, dam age and sex were effective on chest depth
and circumference in Gurcu goat kids during certain growth
periods. However, the situation was somewhat different for
birth type, and in almost all growth stages, birth type was
effective on chest depth and length. Males had higher val-
ues than females, and singles had higher values than twins,
which is similar to Damascus x Hair kids, where sex was
effective starting from day 90 and birth type created differ-
ences in some periods (Erdem et al. 2022). In Boer x Hair
and Hair kids, chest measurements at weaning and at day
150 were affected by sex and birth type, but dam age was
not a determining factor (Bolacali et al. 2017). In Saanen x
Hair crossbreds, chest circumference was affected by birth
type and chest depth was affected by sex (Tozlu Celik and
Olfaz 2018). A similar pattern was also observed in Cyprus
Native Hair goats, where chest circumference was signifi-
cantly higher in males across age groups (Arsoy et al. 2024).
In our study, in parallel with the literature, chest depth and
chest circumference were affected by sex and birth type,
while dam age was not a determining factor. Taken together,
in our study, high positive correlations were also determined
between body weight and chest circumference and chest
depth. This finding is consistent with the literature, which
shows that chest measurements and many other measured
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parameters are reliable indicators in the estimation of body
weight (Pesmen and Yardimci 2008; Waheed et al. 2020).
Therefore, chest-related measurements may serve as practi-
cal and easily obtainable indicators for evaluating growth
performance in field conditions. The pronounced effects
of sex and birth type on chest depth and chest circumfer-
ence observed in this study are biologically expected. Male
kids possess greater skeletal growth capacity—as demon-
strated in Gurcu goats by wider epiphyseal plates and lon-
ger humerus length—while single-born kids benefit from
more favorable intrauterine conditions and enhanced early
postnatal nutrition, collectively explaining their superior
thoracic development (Boga Kuru et al. 2024). In contrast,
the limited influence of dam age is consistent with litera-
ture indicating that maternal age primarily affects general
growth traits such as birth and weaning weights rather than
specific morphometric characteristics (Giingdr et al. 2021).
Thus, thoracic development is driven primarily by intrinsic
physiological and nutritional factors. Overall, our findings
align with the literature and confirm that chest depth and
circumference are primarily shaped by sex and birth type
rather than maternal age.

Head length and circumference

Head length and circumference in kids may vary between
sexes at different stages of growth. In Damascus x Hair
goats, males have longer head measurements than females
at certain growth stages (Erdem et al. 2022). In Boer x
Hair crossbreds, head length at weaning and at day 150
was affected by sex and birth type (Bolacali et al. 2017).
In Shami goats, however, the differences between sexes in
terms of head length were statistically insignificant (Abd-
Allah et al. 2019). In addition, in Beetal goats, forehead
length was shown to be weakly but positively correlated
with body weight (Igbal et al. 2013). Taken together, these
findings show that head-related traits can differ meaning-
fully depending on breed structure, sex, and birth type.

In this study, the effect of dam age on head length in
Gurcu goat kids was insignificant, while the effects of sex
and birth type became evident starting from day 60 and day
75, respectively. After this growth stage (days 60—75), males
and singles had higher values compared to females and
twins in terms of head length. In forehead length, dam age
had no significant effect except in some periods, but differ-
ences depending on sex and birth type were especially evi-
dent after day 60. It can be said that measurements related
to head structure in kids are more affected by sex and birth
type than by dam age. This pattern is consistent with the
biological expectation that cranial growth is closely linked
to overall skeletal development, which progresses more
rapidly in males and single-born kids. In addition, strong
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correlations were obtained between body weight and head
length and forehead length, and it was understood that these
measurements could be used for the indirect estimation of
body weight. Therefore, head-related measurements may
serve as practical morphometric indicators to support early
selection and body weight prediction in field evaluations.

Front and rear shin circumference

Front and rear shin circumference may vary depending on
sex and birth type during growth periods. In Damascus x
Hair goats, males are superior to females in shin measure-
ments, while birth type may create differences in some peri-
ods (Erdem et al. 2022). Supporting this, in Boer x Hair goat
crossbreds, birth type and sex were effective on shin cir-
cumference at weaning and at day 150 measurements (Bola-
cali et al. 2017). In different goat breeds in China, front and
rear shin length and circumference varied depending on sex
(Saleh et al. 2022). Taken together, these findings empha-
size that shin morphology is a trait strongly shaped by sex
and litter size across different goat breeds.

In our study, the effect of dam age on front and rear shin
circumference in Gurcu goat kids was found to be insignifi-
cant, while differences related to sex and birth type became
clearer especially in later growth periods. After this growth
stage, males and singles were determined to be superior to
females and twins in terms of shin circumference. The stron-
ger body structure of males or singles was also reflected in
front and rear shin circumference. This is biologically rea-
sonable, as limb robustness generally parallels overall mus-
culoskeletal development, which progresses more rapidly in
males and single-born kids due to greater nutrient allocation
and postnatal growth potential. Therefore, shin circumfer-
ence may serve as an additional supportive parameter in
evaluating structural development and growth symmetry in
Gurcu goat kids.

Testicles and scrotum

Testicular development in kids varies depending on the
growth period, and scrotal biometry can be a reliable indi-
cator in determining breeding value. In Afar male goat kids,
age had an effect on testicular measurements and was highly
correlated with scrotal circumference (Husain et al. 1996).
In Indian indigenous goats, testicular length and volume
increased depending on age (Kerketta et al. 2015). In addi-
tion, even among different breeds, testicular length, scrotal
circumference, and volume may show significant differ-
ences (Saleh et al. 2021). These findings indicate that tes-
ticular traits are highly responsive to growth dynamics and
may differ considerably between breeds. In our previous
studies, we examined the effects of season (spring, summer,
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autumn, and winter) (Kulaksiz et al. 2020) or breeding sea-
son (Kulaksiz et al. 2019) on testicular and scrotal measure-
ments in Gurcu bucks, but we did not determine the effects
of growth, dam age, and birth type. In our study, in Gurcu
goat kids, testicular diameter and length were affected by
birth type starting from day 210, and scrotal volume from
day 30. Single-born kids had higher measurements com-
pared to twins. This shows that singles may perhaps be more
advantageous for selection as breeding males, but such a
decision should still be made together with positive results
from other tests. In addition, strong positive correlations
were obtained between body weight and testicular diameter,
testicular length, and scrotal volume in Gurcu goat kids, and
these measurements may be indirect indicators of growth
performance and future reproductive capacity. Such correla-
tions strengthen the potential use of testicular traits as early
selection criteria for evaluating reproductive capability in
young males.

The birth-type differences found in our study appear to be
linked mainly to early postnatal growth. Single-born kids are
heavier at birth in Black Bengal goats (Husain et al. 1996),
and testicular and scrotal measurements increase closely
with body weight during male development (Agga et al.
2011; Kerketta et al. 2015). Birth type has also been shown
to influence testicular dimensions in ram lambs (Koyuncu et
al. 2005), while better early-life nutritional conditions accel-
erate scrotal growth and pubertal development in Boer goats
(Bezerra et al. 2009). These findings suggest that the greater
testicular development observed in single-born Gurcu goat
kids is largely a reflection of superior early growth rather
than intrinsic reproductive differences.

Survival rate

The future of a farm can be safeguarded through the opti-
mal housing of newborns, the implementation of strict
management strategies, and achieving high survival rates
(Groenevelt 2025; Robertson et al. 2020). Accordingly,
many factors affect the survival of newborns, and various
studies have been conducted on this subject (Dwyer et al.
2015; Groenevelt 2025). According to previous research,
survival rates up to day 60—90 of age were reported as 92.7—
99.0% in Hair goat kids (Koluman et al. 2024), over 97% in
Honamli goats (Elmaz et al. 2012), and 90-95% in Saanen
crossbreds (Yildirir et al. 2019). Up to day 180 of age, sur-
vival was 92.31% in Saanen goats (Bolacali et al. 2011) and
88.5% in Angora goats (Snyman 2010). At day 360, survival
rates were 85-90% in Ethiopian goats (Deribe and Taye
2013) and 80-85% in Black Bengal goats (Husain et al.
1996). In our previous studies, survival rates in Gurcu goat
kids were 93.75% up to day 120 of age (Kuru et al. 2017)
and 87-100% in the neonatal period (Kuru et al. 2024). In

the present study, survival rates were determined as 91.1%
at day 30, 97.6% at day 180, and 88.9% at day 270. Simi-
lar to our previous findings, mortalities were mostly con-
centrated during the neonatal period and among twin-born
kids. Therefore, it can be stated that the neonatal period is
a critical and challenging stage for Gurcu goat kids, requir-
ing closer monitoring and more intensive care. These find-
ings reinforce the widely accepted notion that early-life
management practices (colostrum intake, hygiene, thermal
regulation, and dam—kid bonding) play a decisive role in
determining kid survival. Thus, targeted interventions dur-
ing the first weeks of life may substantially improve overall
herd productivity and long-term breeding success.

Study limitations

This study has several limitations. It was conducted on a
single institutional farm with a relatively small and homo-
geneous herd, which may limit the generalizability of the
findings. Although management practices were standard-
ized, seasonal grazing activity could not be fully controlled
and may have introduced variation in growth performance.
No additional nutritional supplementation beyond the rou-
tine feeding program was used, restricting the evaluation of
dietary effects on kid development. The high-altitude envi-
ronment (1751 m) may also have influenced growth pat-
terns differently than low-altitude systems. Moreover, the
study did not include genetic or sire-based evaluations, nor
detailed hematological or metabolic profiling, which could
have provided deeper insight into the physiological mecha-
nisms behind growth variation. Finally, the reproductive
implications of testicular development at 9 months were not
assessed, limiting the ability to directly link morphologi-
cal traits with breeding decisions. Future studies involving
multi-farm populations, wider environmental conditions,
and reproductive performance data are needed to validate
and expand these findings.

Practical implications

The present findings offer several actionable points for
breeders. The consistent advantage of single-born kids
indicates that twins require closer nutritional and health
monitoring, especially early in life. Sex-based growth dif-
ferences suggest that males and females should be managed
and marketed with separate strategies. Because dam age
affected only birth weight, management should prioritize
postnatal care rather than maternal age. Strong correlations
between body weight and simple morphometric traits also
show that field-friendly measurements can reliably estimate
growth. Importantly, the superior growth and testicular
traits of single-born males suggest that 9-month testicular
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measurements may serve as a practical criterion for early
buck selection in conservation-oriented programs. Like-
wise, targeted nutritional support for twin-born kids may
help reduce early disadvantages under traditional manage-
ment conditions. These insights may enhance productivity,
early decision-making, and the long-term conservation of
the Gurcu goat.

Conclusion

Kars has harsh geographical conditions and a severe cli-
mate, being located in the easternmost part of Tiirkiye. The
Gurcu goat is one of the rare local breeds that has adapted
to this region. To the best of our knowledge, no study has
monitored the long-term growth performance, morphologi-
cal characteristics, and survival rate of Gurcu goat kids. For
this reason, we conducted this study to fill the gap in the
literature and provide findings that could also benefit local
breeders. Overall, the effect of dam age on the monitored
parameters of Gurcu goat kids was limited, being mainly
restricted to birth weight while having no meaningful influ-
ence on postnatal growth or morphometric traits. Male and
single kids were superior in growth and in many morpho-
logical traits, which was further supported by testicular
measurements, particularly the greater testicular diameter,
length, and scrotal volume observed in single-born males.
In addition, the morphological traits measured for growth
monitoring showed strong correlations with body weight.
Furthermore, the survival rate of 88.9% determined at the
end of the nine-month monitoring period demonstrates
the adaptability of Gurcu goat kids to harsh environmen-
tal conditions. However, it also indicates that mortality was
concentrated mainly in the neonatal period and among twin
kids, with most losses occurring within the first weeks of
life and predominantly affecting twin-born kids. Therefore,
more intensive management practices and closer monitor-
ing are recommended during this critical stage, including
targeted nutritional support and early-life care protocols for
twin-born kids. With this study, we also provided original
data on long-term survival in Gurcu goats, whereas previ-
ous studies in the literature have mostly reported short- and
medium-term observations, without providing extended
follow-up through later growth stages. In this context,
the findings highlight the adaptive capacity and genetic
importance of the Gurcu goat, offering valuable data that
may guide breeding, selection, and management strategies.
Future studies focusing on genetic evaluations, follow-up to
the first reproductive cycle, or testing management interven-
tions for twin-born kids would further enhance the applica-
bility of these results.
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