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1. Introduction 

 

The largest number of goats belong to the Croatian 
indigenous breeds (the Croatian colored and the Croatian 
white goat) located in the coastal area, raised mostly for 
meat, in the extensive form of farming (Mioč et al 2007). The 
extensive breeding has been gradually replaced by the (semi-
)intensive breeding of dairy goats (French Alpine, Saanen, 
and German Improved Fawn goats) located in the continental 
area. The most numerous breed of dairy goats in Croatia is 
the French Alpine (HPA 2018). The goat kids are the most 
often weaned at the age of 1 month.  

The most European breeds of sheep and goats are 
seasonal breeders in the moderate climate region (Sušić et al 
2005; Djuricic et al 2010, Đuričić et al 2019a,b). The natural 
breeding season of the dairy goat breeds in the Northern 
Hemisphere begins in late August and ends in late December 
to mid-January with the clear anoestrous period from 
February to the end of May (Shelton 1978; Chemineau et al 
1992). Reproductive performance of goats is influenced by 
age of goats at puberty and first kidding, interkidding interval, 
litter size, and birth and weaning weight of kid goats (Song et 
al 2006). 

The northwestern part of Croatia belongs to a 
continental zone, classified as Cfa (based on the Köppen 
Climate Classification). This region is characterized as a 
moderate wet region (mean annual precipitation of 870 mm 
per year) with maximal insolation of 2000 hours per year 
(Zaninovic et al 2008). 

This study aimed to determine the relationship 
between the air temperature, monthly precipitation 
amounts, and reproductive performance in French Alpine 
dairy goats, seasonal distribution of kidding, and birth weight, 
raised under semi-intensive management throughout six 
consecutive years (from 2013 until 2018) in the northwestern 
part of Croatia. 

 
2. Materials and Methods 

 

2.1. Animals  
 

During six consecutive years (2013 to 2018) at 6 
medium-scale dairy goat farms with 25 to 47 does in 
northwestern Croatia, data of the reproductive performance 
were collected. Management and feedings, on all 6 farms, 
were very similar. On each farm, goats were kept at pasture 
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and browse outlets, with access to stables during the night. 
Bucks were kept with does throughout the year (ratio buck to 
does was approximately 1 to 20). The type of breeding in all 
flocks of goats was natural. All animals were yearly, 
serologically tested and were negative on B. melitensis. 
According to standard farming practices, the animals had free 
access to good quality meadow hay (about 1.5-1.8 kg per doe 
daily), concentrate for dairy goats, and drinking water ad 
libitum. Concentrate (40% corn, 17% soybean, 16% oats, 16% 
barley, 8% wheat flour, and 3% mineral and vitamin 
supplement for dairy goats) was provided, every day at the 
same time, twice a day during lactation 0.9 kg/day and 0.5 
kg/day during the dry period. Following kidding, the does 
were together with their kids until weaning at 1 month of age. 
Kids were weighted after parturition (when dry off) with 
spring balance (precision ± 0.05 kg). Milk control, respecting 
the recommendations of ICAR, was conducted according to 
AT method by the employees of the Croatian Agricultural 
Agency, where every 30 (28-34) days is controlled by 
alternating morning or evening milking. 

The research protocol and animal management were 
following Directive 2010/63/EU (European Union 2010) on 
the protection of animals used for scientific purposes. 
 

2.2. Meteorological data 
 

The air temperature and rainfall records were 
obtained by the Croatian Meteorological and Hydrological 
Service (CMHS) from the nearest meteorological recording 
station, located within 5-25 km from selected farms. Seasonal 
variations of air temperature and rainfall precipitation from 
2013 to 2018 were compared with the long-term average 
data obtained for the past 30 years (1961–1990) by the 
CMHS. 

Research started from December 21, 2012, until 
December 20, 2018. Season refers to a calendar specific 
period: winter includes days from December 21 of the 
previous year, and January, February, and March (until March 
20), spring (March 21-June 20), summer (June 21-September 
22), and autumn (September 23-December 20). 

 

2.3. Statistical analysis  
 

All data were analyzed by Stara 13.1 (Stara Corp. USA) 
using the chi-square test for kidding distribution and the 
gender frequency of goat kids per season compared between 
different years of observation. We analyzed the birth weight 
of goat kids by analyzing the variance (ANOVA). The 
regression analysis was to check the linear connection 
between the birth weight of goat kids with the year and the 
kidding season and the goat kid gender. 
 

2.4. Ethical approval 
 

All applicable international, national, and/or 
institutional guidelines for the care and use of animals were 
followed. All animals were handled in strict accordance with 
good animal practices as defined by the relevant national 
and/or local animal welfare bodies. All procedures performed 
in studies involving animals were following the ethical 
standards of the institution or practice at which the studies 
were conducted. 
 
3. Results 

 

Seasonal kidding in the French Alpine goat was 
distributed mostly on two seasons: winter and spring (Figure 
1) during six consecutive years 2013-2018 in the 
northwestern part of Croatia. Observed differences in the 
kidding distribution per month during the years of 
observation were statistically significant (P = 0.018). The 
highest number of kidding was recorded in February in all 
years of observation (Table 1).  

In northwestern Croatia, the breeding season of 
French Alpine goats began in August and ends in late October 
with an anoestrous period from February to the end of May 
(Figure 2). 

The observed differences in the birth weight of French 
Alpine kid goats differ between individual years of 
observation in both sexes (P < 0.001). The average birth 
weight of male kid goats was greater than the average birth 
weight of female kid goats in all observed years, and 
statistically significantly higher in all observed years except 
the years 2014. and in 2015. When comparing the average 
birth weight of the same sex in the different months of the 
same year, the observed differences in the average birth 
weight were not statistically significant (P > 0.05).

 

 
Figure 1 Seasonal kidding distribution of French Alpine in NW Croatia during six consecutive years (2013-2018). 
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Table 1 Monthly kidding distribution of French Alpine during years of observation. 

Year 
Month of kidding 

Total 
1 2 3 4-12 

2013 
N 40 78 33 24 175 

% 22.86 44.57 18.86 13.71 100 

2014 
N 54 82 37 10 183 

% 29.51 44.81 20.22 5.46 100 

2015 
N 32 63 26 29 150 

% 21.33 42.00 17.33 19.33 100 

2016 
N 64 77 32 25 198 

% 32.32 38.89 16.16 12.63 100 

2017 
N 50 64 35 16 165 

% 30.30 38.79 21.21 9.70 100 

2018 
N 56 57 23 18 154 

% 36.36 37.01 14.94 11.69 100 

total  
N 296 421 186 122 1,025 

% 28.88 41.07 18.15 11.90 100 

P 0.018 

 

 
Figure 2 Sexual activity (breeding season) and kidding season of French Alpine goats in northwestern Croatia. 

 
Table 2 Average birth weight and linear regression of the birth weight of newborn French Alpine goat kids 
in relation to year of kidding, gender, and the month or season of kidding. 

Year  
Kid goat weight (mean±SD) 

P  
N Female N Male 

2013 80 3.12 ± 0.62a 95 3.43 ± 0.70b 0.0027 

2014 86 3.67 ± 0.55a 97 3.85 ± 0.65a 0.0521 

2015 71 3.50 ± 0.60a 79 3.65 ± 0.62a 0.1441 

2016 92 3.41 ± 0.58a 106 3.78 ± 0.64b <0.0001 

2017 76 3.58 ± 0.56a 89 3.87 ± 0.59b 0.0016 

2018 73 3.43 ± 0.55a 81 3.69 ± 0.53b 0.0036 

Factor  Coefficient SEcoefficient t P  Confidence Interval 95% 

Year 0.040 0.012 3.443 0.001 0.017 - 0.062 

Month -0.005 0.020 -0.222 0.824 -0.044 - 0.035 

Gender -0.262 0.039 -6.694 0.000 -0.338 - -0.185 

          Values with different superscripts in the same row differ significantly (P < 0.05). 

https://doi.org/10.31893/jabb.21001
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The birth weight of newborn goat kids is linear 
statistically significantly related to the kidding year and the 
gender, but not with the month or season of kidding (Table 
2). 

During the study, French Alpine goats (n=948) on the 
6 dairy goat farms, birthed 1025 goat kids after 893 successful 
matings (55 matings were unsuccessful) during six 
consecutive years. The average birth weight was 3.46±0.48 kg 
for females (n=478) and 3.71±0.51 kg for male kids (n=547). 

French Alpine does with single kids accounted for 85.89% 
(n=767), with twins 13.44% (n=120) and triplets 0.67% (n=6). 
The average litter size was 1.15, and the average parity was 
2.95. The birth weight of goat kids in primiparous and 
pluriparous goats was not significantly different. Survival rate 
(until 1 month of age) was 93.66 % (n=960). French Alpine 
does fertility in northwestern Croatia, through six years was 
94.18% (Table 3).

 
Table 3 French Alpine dairy goats data of reproductive performance during six consecutive years (2013-2018). 

 

 
Figure 3 Monthly air temperatures during 2013-2018 in comparison to 1961-1990 years in NW part of Croatia, trendline, and coefficient of 
determination (R2) for period 2013-2018. 

        
4. Discussion 

 

The breeding season of most breeds of sheep and 
goats in the moderate climate region is restricted to the late 
summer and autumn. Consequently, the seasonal 
distribution of parturitions was not uniform throughout the 
year, and the most of sheep and goats delivered in the late 
winter and early spring (Đuričić et al 2019a,b). The winter 
solstice marks the shortest day and longest night of the year 
(Chemineau and Delgadillo 1994). The kidding season 
occurred mostly in the winter and spring when daylights 
became longer. The goats produced more milk during longer 

days (Chemineau et al 2007; Russo et al 2013; Arnal et al 
2018).  

The interkidding period of German Improved Fawn 
goats in Serbia was 337 days (Ćinkulov et al 2009). The 
average value of the interkidding period of Boer goats in 

Croatia was 265.35  4.42 days (Đuričić et al 2009) while in 
our study average interkidding period of French Alpine was 
about one year. 

All domestic goats delivered litters with a significantly 
higher proportion of males in the ratio of male to female kids 
57:43 representing all kids born over a period of 12 years 
(Polak et al 2015). In our study ratio of male to female goat 

Year Total number of does Pregnant Non-pregnant Kid goats Litter size Died until 1 month Parity Fertility 

2013 155 148 7 175 1.19 10 2.59 95.48 

2014 167 157 12 183 1.17 16 2.79 94.01 

2015 151 139 10 150 1.08 13 2.99 92.05 

2016 174 165 9 198 1.2 9 3.16 94.83 

2017 152 144 8 165 1.15 8 3.02 94.74 

2018 149 140 9 154 1.1 9 3.12 93.96 

Total 948 893 55 1025 1.15 65 2.95 94.18 

https://doi.org/10.31893/jabb.21001
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kids was 53.4:46.6, which is very close to the report by Tolu 
et al. (2007), but the opposite to the results of Gorecki and 
Koscinski (2003). Male kids of dairy goats are less valued by 
farmers because after early weaning and fattening, kids sold 
for meat and slaughtered. Only few the best-quality male kids 
are left and kept for breeding. Females with productive and 
reproductive potentials are much preferred by farmers (Polak 
et al 2015). The single and male goat kids were always heavier 
than the twins and the females (Mabrouk et al 2010), as in 
our study. Al-Shorepy et al (2002) indicated that the season 
of birth was not significant for birth weight. In our study was 
similar to the previous statement, because there were only 

two seasons of kidding, winter, and spring to compare. In 
high prolific breeds of goats (for ex. Boer goats) incidence of 
multiple-births was high, that more than half does had twins 
(Skinner1972; Seabo et al 1994, Đuričić et al 2012), while in 
low prolific breeds incidence of multiple-births was very low. 
A similar result was in our study (less than 14% of does had 
multiple-births). Relationship between litter birthweight and 
litter size of Saanen, Toggenburg, and French Alpine goat 
under intensive conditions, were compared birthweight for 
kids born as twins, triplets and quadruplets were, on average, 
92%, 87%, and 83%, respectively, of that of singleton kids 
weight (Mellado et al 2011).

  

 
Figure 4 Monthly precipitation amounts (mm) during observed period in NW Croatia.   

 
The average number of kids per doe depended on the 

goat breed (Amoah et al., 1996). Average litter size in Boer 
goats was 1.80 (Đuričić et al 2012), while litter size in Saanen 
goats in Croatia was 1.22 (HPA 2018), in German Improved 
Fawn goats was 1.96 (Ćinkulov et al 2009), and in Bengal 
goats 1.65±0.67 (Haldar et al 2014). In our study litter size 
was very low as in indigenous breeds (HPA 2018): the 
Croatian colored (1.13) and the Croatian white goat (1.14). 
Litter size reduces the birth weight and survival rate of 
indigenous goat kids (Lehloenya et al 2005). Goat kids born in 
Mexico, from October to January always showed a higher 
survival rate than those born in April–July partly due to heat 
stress (Perez-Razo et al 1998). Weather conditions are the 
main factors affecting the survival rate of newborn lambs in 
Patagonia (Coronato 1999). Survival rates for Alpine goats in 
February was 89.6 ± 1.4, March 91.0 ± 1.3 and April-July 81.9 
± 1.6 and October-January 90.4 ± 1.5% (Perez-Razo et al 
1998), while in our study was 93.66% during the observed 
period because only a few does of French Alpine delivered in 
June, July and none in August and September (very and 
extremely warm summer with exception of the year 2014). 
Weather conditions did not affect survival rates of goat kids 

in this study, because does from all flocks mostly delivered 
into the stables, and food for the kids after early weaning was 
the top quality. 

Đuričić et al (2019a,b) assumed that air temperature 
and rainfall during different seasons could affect the 
reproductive efficiency in Romanov breed of sheep in the 
continental part of Croatia and a positive or negative 
correlation between the air temperature and rainfall 
precipitation variations with tested reproductive 
performances of Jezersko-Solčava breed sheep. Opposite to 
previous statements, Djuricic et al (2010) observed that 
number of mating does, kidding rate, and the number of goat 
kids were significantly different, depending of the season, 
although there was not any correlation between air 
temperature, rainfall precipitation, and reproductive 
efficiency of Boer goats in the northwestern part of Croatia.  
 
5. Conclusions 

 

We can conclude that there was not any relationship 
between monthly air temperature and precipitation amounts 
with tested reproductive performances in French Alpine dairy 
goats in the NW part of Croatia during the observed period. 

https://doi.org/10.31893/jabb.21001
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