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1. Introduction  

 

Most European breeds of sheep are seasonal breeders 
in the moderate climate region; however, the Romanov 
breed is aseasonally polyoestrous (Đuričić et al 2019). Despite 
being aseasonally polyoestrous, the distribution of mating 
and lambing was not uniform through the year for the 
Romanov breed (Sušić et al 2005; Đuričić et al 2019) in 
Croatia. During the night, the pituitary gland releases 
melatonin, which stimulates the hypothalamus-hypophysis-
ovarium axis (Karsch et al 1984; Chemineau et al 1992;  
Malpaux et al 1996; Rosa and Bryant 2003). The natural 
breeding season of the seasonally polyoestrous sheep and 
goat breeds in the Northern Hemisphere is usually restricted 
between late August and ends in late December with a 
particular anoestrous period from February to the end of May 
(Chemineau et al 1992; Rosa and Bryant 2003). Climate and 
weather have a significant direct effect on the growth and 
production of livestock (Silanikove 2000). The meteorological 
variables that are commonly measured  (air temperature, 
humidity, solar radiation, wind, precipitation, among others) 
could be environmental stressors providing adverse effects 
on animal welfare and productivity (Marai et al 2007; 
Bernabucci et al 2010; Santolaria et al 2014; Palacios and 

Abecia 2015; Abecia et al 2016; Nejad and Sung 2017). The 
modulating factors of reproduction in sheep are 
environmental factors, nutritional status, social interactions, 
lambing date, and lactation period (Boland et al 2001; Rosa 
and Bryant 2003). The continental climate is dominant in 
Croatia's northwestern (NW) part, classified as Cfa climate 
(based on the Köppen Climate Classification). The Cfa climate 
is characterised by cold winters and warm summers. Any 
product of the condensation of atmospheric water vapour 
that falls under gravity from clouds is precipitation (rain, 
sleet, snow, ice pellets, among others). The mean annual 
precipitation of 870 mm per year classified Croatia as a 
moderate wet region. Sunlight or sunshine duration (hours) 
is a climatological indicator of cloudiness, measuring the 
duration of sunshine in a given period (usually, a day or a 
year) for a particular location. In the NW part of Croatia, the 
maximal insolation is 2000 h per year (Zaninovic et al 2008). 

This study aimed to investigate the climatical impacts 
of air temperature, sunlight duration, and rain precipitation, 
in a moderate climate, on the reproductive performance of 
Romanov sheep in the continental part of Croatia, during two 
consecutive years (2019-2020). 

 
 

Abstract This study aimed to investigate the climatological impacts of air temperature, sunshine duration, and rain 
precipitation, in a moderate climate, on the reproductive performance of Romanov sheep in the continental part of Croatia, 
during two consecutive years (2019-2020). Our study included 549 matings with 520 successful conceptions at 5 Romanov 
sheep farms, and the fertility rate was 94.72%. The percentage of lambs delivered in winter was 53.27% (n = 277), in spring 
20.19% (n = 105), in summer 14.23% (n = 74) and 12.31% in autumn (n = 64). According to percentile ranks and classification 
ratings, thermal conditions have been described as very warm (during 2019-2020), while precipitation conditions, expressed 
in percentiles, were wet (during 2019) but dry (during 2020) for this region. The peak of sexual activity was from mid-August 
until October in 2019 and from the end of August to November in 2020 for Romanov sheep in northwestern (NW) Croatia. 
A Kruskal-Wallis test showed a statistically significant difference in the number of pregnant ewes during the different mating 
seasons in the year (p < 0.001). Therefore, we can assume that air temperature, precipitation volume, and sunshine duration 
during the different seasons could impact the reproductive performance of Romanov sheep in a moderate climate. 
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2. Materials and Methods 
 

2.1. Animals  

 

The animals were kept in a fenced pasture (rotating 
pasture), with access to stables during the night. The sheep 
were naturally mated. Animals had free access to good 
quality meadow hay, adequate concentrate, and drinking 
water. During two consecutive years (December 2018 to 
November 2020), the reproductive performance data of all 
five Romanov sheep flocks (41-87) in NW Croatia was 
collected. 

 

2.2. Ethical approval 
 

All procedures performed in the studies involving 
animals followed the institution's ethical standards or 
practice at which the studies were conducted. The research 
protocol and animal management were following the 
Directive 2010/63/EU (European Union 2010) on the 
protection of Animals used for Scientific Purposes. 
 

2.3. Meteorological data 
 

Air temperature, sunshine duration, and daily 
precipitation volumes were obtained by the Croatian 
Meteorological and Hydrological Service (CMHS), Zagreb, 
Croatia, from the nearest meteorological recording station, 
located within 0.5-25 km from all farms. Climatological 
conditions on a monthly or seasonal scale at the 
meteorological station assessed mean daily variations 
concerning the corresponding multi-annual average of the 
climatological reference period 1949-2019. 

 

2.4. Seasons 
 

The Winter season refers to January and February of 
the chosen year and December of the previous year, spring 
(March to May), summer (June to August), and autumn 
(September to November). 
 

2.5. Statistical analysis 
 

All data were analysed by Stara 13.1 (Stara Corp. USA) 
using the non-parametric Kruskall-Wallis test. The regression 
analysis used the percentage of the logarithmic values of 
pregnant sheep working normalisation of the pregnant sheep 
distribution. Regression statistics showed a linear association 
between the percentage of pregnant sheep and the season 
as variables. 
 

3. Results 
 

There were 549 matings with 520 successful 
conceptions, i.e., lambings at 5 Romanov sheep farms, during 
two consecutive years (2019-2020). The fertility was 94.72%.  
The seasonal distribution of lambings (Figure 1): 53.27% of 
ewes delivered in winter (n = 277), 20.19% in spring (n = 105), 
14.23% in summer (n = 74) and 12.31% in autumn (n = 64). 

An analysis of the rainfall precipitation (Figure 1), air 
temperature (Figure 2), and sunlight hours (Figure 3) 
variations during years 2019-2020 in NW Croatia to the 
corresponding multi-annual average of the climatological 
reference period 1949-2019 are presented in the Figures 1-3. 

According to percentile ranks and classification 
ratings, thermal conditions have been described as very 
warm (during 2019-2020), while precipitation conditions, 
expressed in percentiles, were wet (during 2019) but dry 
(during 2020) for this region (Table 1). 

 
 

 
Figure 1 Monthly rainfall precipitation (mm) variations during the years 2019-2020 in northwestern Croatia to the corresponding multi-
annual average of the climatological reference period 1949-2019. 

 
The reproductive parameters are presented in Table 2 

for Romanov sheep during two consecutive years (2019-
2020) in NW Croatia. There was a statistically significant 

difference in the number of pregnant ewes between the 
different mating seasons (Table 3).  

A Kruskal-Wallis test showed a statistically significant 
difference in the number of pregnant ewes between the 
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different seasons of mating (P < 0.001). The peak of sexual 
activity was from mid-August until October in 2019 and from 

the end of August to November in 2020 for Romanov sheep 
in NW Croatia (Figure 4).

 

 
Figure 2 Monthly air temperature (°C) variations during years 2019-2020 in NWCroatia to the corresponding multi-annual average of the 
reference climatological period 1949-2019. 

 

 
Figure 3 Monthly sunshine hours (h) variations during years 2019-2020 in NW Croatia to the corresponding multi-annual average of the 

climatological reference period 1949-2019.
 

4. Discussion 
 

Although Romanov sheep are aseasonally 
polyoestrous, equal seasonal distribution of lambing through 
the year was not present. It is clear that if lambs are weaned 
in early spring or midsummer (the anoestrus period for most 
European sheep and goat breeds) (Đuričić et al 2019), 
Romanov ewes were "saved "for the breeding season (August 
to November) to mate, similar to Boer goats (Đuričić et al 
2012.). The thermal conditions in NW Croatia have been 
described as extremely warm and very warm, especially 
during summer and autumn in 2019, when more than 10% of 
mated ewes were not pregnant. One of the causes of low 
conception rate could be high air temperatures that can 
induce embryonic losses and foetal deaths during gestation 

(Marai et al 2008; van Wettere et al 2021). Despite extremely 
warm and very warm seasons during the period of the lowest 
sexual activity, complete anoestrus did not occur in the 
Romanov breed, similar to Đuričić et al (2019). Croatia's 
highest daily average temperatures are in the summer (Cfa 
climate is characterised by warm summers). The beginning of 
autumn marks the start of the breeding season, and the air 
temperatures drop. In addition to the temperature, other 
factors, such as relative humidity and precipitation, may 
directly or indirectly affect livestock production and impact 
periods of reduced oestrous activity (Galina et al 1996). The 
indirect effect of increased rainfall is mostly through forage 
availability, resulting in satisfactory fertility results (Forcada 
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et al 1992; Abecia et al 2016). In our study, the animals were 
kept in a fenced pasture but also received supplementation 
(hay and concentrate), so they were not only dependent on 
the pasture. The direct negative impact of rainfall was a lower 
survival rate of newborn lambs during extremely wet 
autumns in Croatia than during dry autumns (Đuričić et al 
2019). In our study, such a negative impact was not present 

because newborn lambs were kept in shelters with their 
mothers. In tropical regions, the breeding season is 
independent of the photoperiod starting during the wet or 
rainy season, when the air temperatures are lower, with 
consequent cycles (dry and rainy seasons) in food availability 
(Vivien-Roels and Pévet 1983).

 

Table 1 Thermal and precipitation conditions through the seasons in years 2019-2020, and percentage of non-pregnant ewes. 

Year Parameter 
Season 

spring summer autumn winter 

2019 

Temperature normal extremly warm very warm normal 

Rainfall very wet very dry normal dry 

% non-pregnant 6.56 10.64* 9.38* 4.32 

2020 

Temperature normal normal warm very warm 

Rainfall very dry wet wet normal 

% non-pregnant 7.69 3.03 2.78 3.36 
 
 

Table 2 Reproductive parameters of Romanov sheep (n = 549) in NW Croatia during two consecutive years (2019-2020). 

 
After the autumnal equinox (the first day of autumn), 

the day begins to shorten, and night begins to become longer 
until the winter solstice (the first day of winter), giving rise to 
the shortest day and the longest night of the year. Melatonin 
is only released at night, so melatonin secretion increases 
from autumn to early winter in the northern hemisphere. 
Amongst other mechanisms, melatonin secretion regulates 
the activity of the hypothalamic-hypophysial-gonadal axis 
(Karsch et al 1988; Rosa and Bryant 2003), which is crucial as 
a reproductive strategy for short-day breeder species, sheep 
and goats. In addition, the most prolonged day hours per 
month are in summer (monthly average June-August over 
250 hours), but towards the end of autumn (in November and 
December), they are shortened to 50 h per month. This is a 

consequence of the day shortening and high cloudiness, 
beyond the less sunlight (Figure 4 -yellow line).  
 

Table 3 Number of pregnant Romanov ewes during two consecutive 
years (2019-2020) according to the season of matings. 

Season of matings 
Pregnant 

Median Min-Max 

autumn 46 39 - 53 

winter 17 12 - 25 

spring 10 5 - 24 

summer 7 1 - 27 

P-value (Kruskall-Wallis) 0.00012 

Reproductive parameters 

Years 

Total 
2019 2020 

number of matings 279 270 549 

number of pregnant ewes 261 259 520 

number of non-pregnant ewes 18 11 29 

litter size 1.53 1.65 1.59 

lambing index 1.30 1.38 1.34 

lambs/ewe/year 1.99 2.28 2.13 

total lambs/ewe/lambing 399 427 826 

total lambs/ewe/year 519 589 1107 

fertility (%) 93.55 95.93 94.72 
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The reproductive performance of the Romanov breed 
in Canada (Fahmy 1989) was high and generally comparable 
to that in Russia (Kostylev et al 2018), France  (Ricordeau et 
al 1990), other European countries, and in Croatia according 
to previous (Đuričić et al. 2019) and our present study. The 
litter size and lambing index did not significantly differ among 

the two years of study, but the average number of lambs per 
ewe was 2 (during 2019), while the following year, it was 
higher by 0.3 lambs per ewe. Casas et al (2005) concluded 
that Romanov sheep is a very prolific breed (Fahmy 1989; 
Herman and Herman 2019); however, their fertility rate was 
89-92%, lower than in our study. 

 

Figure 4 Monthly air temperature, rainfall precipitation, sunshine duration and number of Romanov sheep in heat during 2019-2020, in NW 
Croatia.

 

5. Conclusions 
 

The seasonal distribution of mating and lambing was 
not uniform for the Romanov breed in Croatia. The peak of 
sexual activity was from mid-August until October in 2019 
and from the end of August to November in 2020 for 
Romanov sheep in NW Croatia. According to percentile ranks 
and classification ratings, thermal conditions have been 
described as very warm (during 2019-2020), while 
precipitation conditions, expressed in percentiles, were wet 
(during 2019) but dry (during 2020) for this region. We can 
assume that the air temperature, volume of precipitation and 
sunshine duration during the different seasons could impact 
the reproductive performance of Romanov sheep in a 
moderate climate.  
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