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Abstract A well-established activity in Greece and other Mediterranean countries is sheep farming. Karagouniko and Chios
sheep are promising breeds and targets for the reproductive physiologist’s attention. Under this context, part of the
reproductive physiology of Karagouniko and Chios was investigated, taking into account the environment. Specifically, four
time periods were considered; April-June (Long days, increasing photoperiod length), July-September (Long days,
decreasing photoperiod length), October-December (Short days, decreasing photoperiod length), and January-March (Short
days, increasing photoperiod length). The effect of the period on the concentration of the testosterone (main male
hormone) in rams of the breeds above was studied, by using repeated measures analysis of variance, also taking into
account the environmental variables air temperature, relative humidity, sunshine, rainfall, and photoperiod, in the Artificial
Insemination Center of Karditsa (39°21’18’’N, 21054’19’’E), Greece. The lowering of photoperiod from April-June to JulySeptember (long days) and afterward, even more to October-December (short days) coincided with a progressive increase
of testosterone in both breeds. Photoperiod seems to have a major role in the concentration of Karagouniko and Chios
breeds' testosterone compared to the other environmental variables. When considering the whole experimental period,
Chios sheep had significantly higher (P < 0.05) testosterone (1.95 ng/ml) than the Karagouniko one (1.55 ng/ml). Our findings
could contribute towards the more rational exploitation of the examined sheep breeds.
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1. Introduction
Sheep farming provides many advantages in rural
areas of Greece and other Mediterranean countries from
different perspectives (Tzouramani et al 2019). Karagouniko
and Chios promise sheep breeds in the areas mentioned
above, with a large part of their potential in their
reproductive physiology (Gordon 1997). The main male
hormone, testosterone, is of particular interest (Stratakos
2015). Higher concentrations of testosterone for these
breeds have been reported in periods with photoperiod less
than 12 h daylight (short days), compared to periods with
more than 12 h daylight (long days) (Rekkas et al 1993;
Gundoǧan and Demirci 2003).
However, there is a lack in the literature regarding the
effect of increasing and decreasing photoperiod length on
their testosterone in long and short days. Thus, our current
work aims to investigate the response of testosterone of
Karagouniko and Chios breeds to the aforementioned
photoperiod lengths, taking into account, apart from
photoperiod, basic environmental parameters, that is to say,
air temperature, relative humidity, sunshine, and rainfall.
2. Materials and Methods
2.1. Ethical approval
J Anim Behav Biometeorol (2022) 10:2205

The study protocol was approved by the Ethical
Committee of Artificial Insemination Center of Karditsa,
Greece.
2.2. Location and animals
The research was carried out in the farm of Artificial
Insemination Center of Karditsa Municipality (39021’18’’N,
21054’19’’E, altitude of 110 m above mean sea level),
Periphery of Thessaly, Greece, from April to March. Six rams
(Ovis aries L.) of Karagouniko sheep breed and another six
rams of Chios sheep breed were the experimental material.
All animals were fed on a balanced diet based on their
nutritional needs, which resulted in their good nutritional
status and health. Pertinent details are reported in Matsoukis
et al (2019).
2.3. Collection of environmental data
Two sensors [Hobo type Pro, H08-032-08, USA,
accuracy ± 0.2 oC at 25 oC for air temperature (AIRT) and ±3%
over 0 oC to 50 oC for relative humidity (RH)], each one
connected to a data logger, were used to record AIRT and RH
(Chronopoulos et al 2012) every 6 min, during the whole
experimental period. Details regarding the specific location
and the calibration of the devices involved are reported in
Matsoukis et al (2019). Sunshine (SUNS) and rainfall (RNFL)
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data were provided by the meteorological station of the
Tobacco Station of Agricultural Research, adjacent to the
farm. Photoperiod (PHOTO) was calculated from the time
between sunrise and sunset at the experimental farm.

(Kamoutsis et al 2018), with results considered significant
when P ≤ 0.05.

2.4. Testosterone estimation

The mean seasonal values of AIRT, RH, SUNS and
PHOTO and the total seasonal RNFL in the experimental area
are shown in Figure 1. Photoperiod ranged from 10.31 h (SD3)
to 14.06 h (LD1), with LD2 and SD4 characterized by 13.51 h
and 10.89 h, respectively. Air temperature ranged from 7.1
o
C (SD4) to 26.4 oC (LD2), with LD1 being warmer than SD3 by
10.3 oC. Relative humidity took its highest (81.9%) and lowest
values (61%) at SD3 and LD1 (almost equal to LD2),
respectively. The most (8.83 h of SUNS) and least sunny (4.32
h of SUNS) periods were LD2 and SD3 (almost equal to SD4),
respectively. The total seasonal RNFL was maximum and
lowest at SD3 (248.8 mm) and LD1 (58.7 mm), respectively.
The repeated measures analysis of variance, regarding
the testosterone concentration of Karagouniko and Chios
sheep in the study's four successive periods (LD1, LD2, SD3
and SD4), showed the existence of significant differences
(Table 1).
Testosterone concentration steadily increased from
April-June (minimum values), reaching a maximum in
October-December, declining afterward in both Karagouniko
and Chios (Figure 2). In Karagouniko, the maximum and
minimum testosterone values were significantly different
from the respective values of the other periods. In Chios,
significant differences in testosterone were confirmed
between April-June and each of the three other periods. In
terms of averages, for short days and long days, separately, a
higher testosterone concentration was confirmed in short
days, compared to long days, for both Karagouniko (1.90
ng/ml in SD and 1.20 ng/ml in LD) and Chios (2.28 ng/ml in SD
and 1.63 ng/ml in LD). These results are in agreement with
the results of other authors who have reported a higher
concentration of testosterone in short days, in comparison
with long days, for our studied sheep breeds (Rekkas et al
1993) as well as for others (Gundoǧan and Demirci 2003;
Aguirre et al 2007).
In our experiment, the isolation of the effects of AIRT,
RH, SUNS, and RNFL from those of PHOTO on testosterone
concentration was impossible, irrespective of sheep breed.
However, it has been reported that the concentration of
testosterone is related noticeably with the reproduction of
the examined breeds (Rekkas et al 1993; Stratakos 2015) and
that high values of testosterone were obtained in the sheep
breeding period (Gündoğan et al 2003b). In addition, PHOTO
is considered as a predominant factor, regulating ram
reproduction in temperate climate regions (Ortavant et al
1988; Carvajal-Serna et al 2019), like ours. From the
reasoning above, the hypothesis of the major role of the
PHOTO in the concentration of testosterone of both
Karagouniko and Chios seems logical. Also, AIRT has been
reported to play a role on sheep reproductive activity
(Gündoğan et al 2003a) and, consequently, on the
concentration of testosterone, while for the other
environmental parameters (RH, SUNS, and RNFL), to our

Starting from May, blood samples were taken once a
month (on its first day), except March (last month of the
experiment), where the collection of blood samples took
place twice (on its first and last days), from the jugular vein
of each ram between 09h00min and 09h30min (in total 144
blood samples). The blood was collected in individual tubes
and immediately placed in a cooler. The blood was then
transported to the laboratory, centrifuged, and the serum
obtained was frozen at -20 oC until testosterone was assayed
(Belkadi et al 2017). Testosterone was estimated by
radioimmunoassay (RIA) method using a commercial kit
(TESTO, RIA, CT, KIP1709, DIAsource ImmunoAssays S.A.,
Belgium) with an assay range from 0.1 ng/ml to 17 ng/ml and
sensitivity 0.05 ng/ml (Kozioł and Koziorowski 2013).
2.5. Statistical analysis
For the investigation of the season on each sheep
breed, in terms of photoperiod, at first, two time periods
were considered; long days (LD), from April to September
(>12 h daylight) and short days (SD), from October to March
(<12 h daylight).
Then, each one of the aforementioned periods was
divided into two smaller periods, totally four periods, for a
more detailed view of the photoperiodic environment; long
days comprised the periods April-June, named Long daysFirst period, LD1 (increasing photoperiod length) and JulySeptember, named Long days-Second period, LD2
(decreasing photoperiod length) and short days comprised
the periods October-December, named Short days - Third
period, SD3 (decreasing photoperiod length) and JanuaryMarch, named Short days - Fourth period, SD4 (increasing
photoperiod length).
Averages on seasonal basis of the recorded and
provided environmental data were estimated. Also, data
from the examined variable of sheep (testosterone
concentration) were pooled into the four periods above. The
two (out of eighteen) extreme means of the variable
mentioned above for each breed and period were excluded
from the data before the analysis to prevent undue influence
of extreme values (Feldman et al 2002).
The experiment was conducted according to the oneway repeated measures design, separately for each sheep
breed. Four time periods (April-June, July-September,
October-December, January-March) were considered, and
paired t-tests were used for pairwise comparison of means
by using the Bonferroni correction (Verma 2016).
Also, to investigate possible differences in
testosterone concentration between the two sheep breeds,
independent t-tests were applied (Kim 2015). Statistics were
performed using MS Excel 2010 and IBM SPSS Statistics 23
www.jabbnet.com

3. Results and Discussion

Matsoukis et al. (2022)

3

knowledge, there are no comparative studies from the
literature that measure their impact on testosterone
concentration of sheep.
The comparison of Karagouniko and Chios sheep in
each period, separately, concerning the testosterone
concentration, by using independent t-tests, showed
significant differences in LD1 (independent t-test value: -6.37
at P = 0.0001) and SD4 periods (independent t-test value: 2.79 at P = 0.01), due possibly to their greater testosterone
differences, compared to LD2 and SD3. Nevertheless, after
pooling the testosterone data over the whole period, for each
breed separately, it was established that the Chios sheep had

significantly higher testosterone (1.95 ng/ml) than the
Karagouniko one (independent t-test value: -2.59 at P =
0.011). The higher testosterone concentration of Chios, by
0.4 ng/ml, compared to Karagouniko, could be explained by
their different genetic potential, bearing also in mind that a
genetic basis for photo responsiveness has been
demonstrated (Poulton and Robinson 1987; Gómez-Brunet
et al 2012). Our work shed light on the part of the
reproductive physiology of Karagouniko and Chios rams
adding knowledge towards their more rational exploitation.

Table 1 Analysis of variance for the effects of time on testosterone concentration of Karagouniko and Chios sheep.
Testosterone Concentration (ng/ml)
Karagouniko sheep

Chios sheep

dfa

Mean square

Variance ratio

Timeb

2.69c

10.67

33.27***

Residual

40.34c

0.32

-

adf:

dfa

Mean square

Variance ratio

Timeb

1.92d

9.18

11.44***

Residual

28.79d

0.80

-

bSeason:

degrees of freedom,
Period [Long days-First period (increasing photoperiod length), Long days-Second period (decreasing photoperiod length),
Short days-Third period (decreasing photoperiod length), Short days-Fourth period (increasing photoperiod length)], cCorrected df according to Huynh-Feldt
approach (estimated value of epsilon: 0.897) following the significance of Maulchy’s test of sphericity (Maulchy’s W: 0.391, P = 0.025), dCorrected df according
to Greenhouse-Geisser approach (estimated value of epsilon: 0.640) following the significance of Maulchy’s test of sphericity (Maulchy’s W: 0.208, P = 0.001),
***: significance at P ≤ 0.001.

Figure 1 Mean seasonal values of air temperature (AIRT), relative
humidity (RH), sunshine (SUNS) and photoperiod (PHOTO), and total
seasonal rainfall (RNFL) in the experimental area. LD1: Long days-First
period (increasing photoperiod length), LD2: Long days-Second period
(decreasing photoperiod length), SD3: Short days-Third period (decreasing
photoperiod length), SD4: Short days-Fourth period (increasing photoperiod
length).

Figure 2 Effect of season on testosterone concentration of
Karagouniko and Chios sheep. In each column, the bar on it represents
the standard error of the mean (n=16). Different letters above
columns indicate significant differences between the respective
means, separately for Karagouniko sheep (upper case letters) and
Chios sheep (lower case letters) at P ≤ 0.05 after Bonferroni correction.
LD1: Long days-First period (increasing photoperiod length), LD2: Long daysSecond period (decreasing photoperiod length), SD3: Short days-Third period
(decreasing photoperiod length), SD4: Short days-Fourth period (increasing
photoperiod length).
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4. Conclusions
To sum up, short days resulted in higher testosterone
concentration in Karagouniko and Chios sheep (on average)
than long days. The lowering of photoperiod from April-June
to July-September (long days), and afterward, even more to
October-December (short days, decreasing photoperiod
length) coincided with a progressive increase of testosterone
in both breeds. Chios sheep had higher testosterone
concentration than the Karagouniko one when considering
the whole experimental period.
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