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ABSTRACT
Genetic trends were estimated for production and reproduction traits in an Uruguayan Merino genetic nucleus. Two consecutive peri-
ods with different selection objectives were studied. During the first period (1999–2010), the selection objective of this flock focused on 
reducing fibre diameter (FD), while allowing for a slight loss in clean fleece weight (CFW). From 2011 to 2018, the breeding objective 
was shifted and then focused on maintaining FD, while increasing both CFW and live weight (LW). Data from approximately 5380 
yearling lambs and 2000 ewes born between 1999 and 2018 were analysed. Genetic trends were estimated for yearling and adult FD 
(Y_FD and A_FD, respectively), yearling and adult CFW (Y_CFW and A_CFW, respectively), yearling LW (Y_LW), 2-year-old ewe 
mating live weight and mating body condition score (2-yo_LWM and 2-yo_BCSM, respectively) and the number of lambs weaned per 
ewe joined (NLWEJ). Estimated breeding values were predicted to calculate genetic trends for the two periods of selection. From 1999 
to 2010, yearling lambs showed significant reductions in FD (−0.210 μm/year, corresponding to −1.28% of the mean of the trait for that 
period). Before 2010, yearling lambs showed reductions of −0.013 kg/year (−0.62%) in CFW, whereas from 2011 to 2018, this trait in-
creased by 0.052 kg/year (1.88%). The annual genetic gain for Y_LW was greater in the second period than in the first period (0.286 vs. 
0.091 kg/year). The genetic trends for FD, CFW and LW were affected by period (p < 0.001), indicating that the change in the selection 
index applied in the genetic nucleus was effective. Over the entire study period (1999–2018), the total genetic responses for 2-yo_BCSM 
and NLWEJ were near zero. These results indicate that the breeding programme utilised in the genetic nucleus improved the traits 
under selection (FD, CFW and LW) and had a marginal impact on 2-yo_BCSM and NLWEJ. To also achieve relevant genetic gains in 
ewe reproductive performance, in the future, reproduction traits should be incorporated into the selection programme for Uruguayan 
fine-wool sheep. The results obtained in this study will be used to refine the breeding programmes for Merino sheep in Uruguay.

1   |   Introduction

Selection is a powerful tool for the genetic improvement of eco-
nomically important traits in sheep. Defining clear breeding 
objectives and developing selection criteria based on them are 
key in any sheep breeding programme. Numerous studies have 

reported the success of breeding schemes within Merino sheep 
populations (Taylor et  al.  2007; Swan et  al.  2009; Ciappesoni 
et al. 2014; Di et al. 2014).

In Uruguay, the current selection indexes for Merinos include 
yearling fibre diameter (FD), clean fleece weight (CFW) and 
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live weight (LW) as traits. This approach has been successful in 
producing animals with high genetic merit for the traits under 
selection (https://​www.​genet​icaov​ina.​com.​uy/​evalu​acion​es.​
php). More recently, Uruguayan Merino breeders have become 
interested in producing an easy-care ewe that performs well, 
not only in wool and growth traits but also in reproduction and 
BCS. Phenotypic responses for reproduction and BCS in mixed-
age ewes to a long-term experimental breeding programme have 
been reported by Ramos et al. (2021b). It is of interest to know to 
what extent those phenotypic responses for wool, growth and re-
production traits can be explained by the Uruguayan long-term 
selection programme.

Data from a long-term selection Merino nucleus established in 
Uruguay in 1999 were analysed in the present study. During the 
first 10 years (1999–2010), the selection objective of this flock 
focused on reducing FD (19 μm or finer), while allowing for 
a slight loss in CFW (Ramos et  al.  2023). From 2011 to 2018, 
the breeding objective was focused on maintaining reduced 
FD (< 15.5 μm), while increasing both CFW and LW (Ramos 
et al. 2023). The selection criteria included yearling expressions 
of fibre diameter, greasy fleece weight and live weight. The pur-
pose of the present study was to estimate the genetic trends for 
wool and growth traits at yearling and adult age, ewe BCS and 
reproduction for both selection strategies used in the whole pe-
riod 1999–2018.

2   |   Materials and Methods

2.1   |   Location and Data

This study was conducted at the Glencoe Experimental Unit of 
the Instituto Nacional de Investigación Agropecuaria (INIA, 
32°00′21′′ S and 57°08′06″115 W). Information on the region 
and details of the flock analysed were provided by Ramos 
et  al.  (2021a, 2021b). This work was carried out with the ap-
proval of the INIA Animal Ethics Committee (INIA_2018.2).

2.2   |   Merino Nucleus: Genetic Selection

At approximately 1 year of age, male and female offspring born 
in the Merino genetic nucleus were selected as replacement 
animals. The number of selected animals per year is shown in 
Table 1. Selection decisions were based on phenotypic and ge-
netic criteria as described in Ramos et al.  (2021a). During the 
first 10 years (1999–2010), the selection index utilised combined 
FD and CFW. Predicted genetic responses from this index in-
cluded improvements of −0.25�m/year for FD, whereas CFW 
was predicted to remain unaltered (De Los Campos et al. 2000). 
During the CRILU (Uruguayan Regional Consortium for 
Innovation in Ultrafine Wool) phase (2011–2018), the selection 
index utilised included FD, CFW and LW. The annual predicted 
improvements in this index were −0.13 �m, 0.04 and 0.49 kg for 
FD, CFW and LW, respectively.

Data analysed in this study were a subset of the data presented 
in Ramos et  al.  (2023) and included 5381 mixed-sex yearling 
lambs born between 1999 and 2018 and subsequent records on 
2000 of these animals as ewes. The complete pedigree included 

7168 animals, 83 sires and 2223 dams. More than 99% of the an-
imals with records had a full pedigree.

Traits recorded at yearling age included fibre diameter (Y_FD), 
clean fleece weight (Y_CFW), greasy fleece weight (Y_GFW), 
staple length (Y_SL) and live weight post-shearing (Y_LW). 
Adult wool traits at mid- to late-pregnancy shearing were 
the same as those described at yearling age, but the abbrevi-
ations utilised for fibre diameter, clean fleece weight, greasy 
fleece weight and staple length were A_FD, A_CFW, A_GFW 
and A_SL, respectively. Live weight and BCS at mating were 
measured in ewes aged 2 years (2-yo_LWM and 2-yo_BCSM, 
respectively). The number of lambs weaned per ewe joined 
(NLWEJ) was measured as an indicator of ewe reproductive 
performance and had repeated records across years. The mea-
surements of all traits were described by Ramos et al. (2021a, 
2021b).

2.3   |   Statistical Analysis

Descriptive statistical analyses, outlier detection and defini-
tion of fixed effects were performed as described by Ramos 
et al.  (2023). Estimated breeding values (EBVs) for production 

TABLE 1    |    Total annual number of ewes and rams and number of 
animals selected over the study period.

Year

Total lambs Selected lambsa

Females Males Females Males

1999 189 142 130 2

2000 119 124 83 3

2001 116 101 85 2

2002 94 96 82 2

2003 161 171 124 3

2004 132 149 126 3

2005 166 180 133 3

2006 159 146 124 4

2007 128 125 117 2

2008 157 153 129 2

2009 141 126 88 3

2010 132 174 114 2

2011 179 181 125 3

2012 130 134 97 4

2013 146 136 90 4

2014 82 65 59 1

2015 96 99 64 4

2016 132 110 117 4

2017 101 125 92 4

2018 141 144 120 4
aSelected lambs: Number of offspring who became parents.

 14390388, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/jbg.12937 by M

assey U
niversity L

ibrary, W
iley O

nline L
ibrary on [09/04/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.geneticaovina.com.uy/evaluaciones.php
https://www.geneticaovina.com.uy/evaluaciones.php


3 of 8

(FD, CFW, SL, LW and BCS) and reproduction (NLWEJ) traits 
were predicted using an animal model implemented in Julia for 
Whole-Genome Analyses Software (JWAS, Cheng et al. 2018). 

A multi-trait model was applied to derive EBVs for FD, CFW, 
GFW, SL and LW. Single-trait models were utilised to estimate 
breeding values for 2-yo_LWM, 2-yo_BCSM and NLWEJ. Adult 
wool traits and NLWEJ were treated as repeated records across 
years. The model for each trait fitted only significant fixed ef-
fects as described by (Ramos et al. 2023; Tables 1–3). Age at the 
time of sharing (298–432 days of age) and days between consec-
utive shearing dates (268–399 days) were fitted as covariates for 
yearling and adult wool traits, respectively (Ramos et al. 2021a, 
2021b).

The model equation was:

where y is the vector of observations on one trait, β is the vector 
of unknown fixed effects, g is the vector of the unknown fixed 
effects for unknown parent groups (UPG were defined based on 
the flock of origin), a is the vector of random animal effects, pe 
is a vector of random permanent environmental effects to ac-
count for the covariance between observations from the same 
individual, e is the vector of random residual effects and X, Q, 
Z and W are incidence matrices relating records to fixed effects, 
expected fractions relating individuals to UPG, animal effects 
and permanent environmental effects, respectively. The animal 
permanent environmental effect was only fitted to adult wool 
traits and NLWEJ as these traits had repeated observations on 
the same individuals (Blasco 2017).

The total EBVs which account for selection on unknown 
parents were predicted by adding the product of the UPG co-
variates times the group solutions to the within-group EBV 
(estimate of a in the model equation). The genetic parameters 
utilised in the analysis were reported by Ramos et al. (2023). 
Annual genetic gains were calculated via the linear regression 
of the EBVs for each trait on the birth year utilising the re-
gression procedure of the SAS software package (version 9.4, 
SAS Institute Inc., Cary, NC, USA). The slopes of the linear 

y = X� + Qg + Za +Wpe + e

TABLE 2    |    Descriptive statistics for wool traits, live weight, body 
condition score and reproduction traits in yearling and adult animals 
over the entire study period (1999–2020).

Trait Mean SDa Min Max Records

Y_FD (μm) 15.8 1.61 12.4 22.7 5381

A_FD (�m) 16.6 1.75 11.7 24.5 7079

Y_CFW (kg) 2.35 0.68 0.78 4.86 5381

A_CFW (kg) 2.80 0.51 1.40 4.50 6288

Y_GFW (kg) 3.16 0.91 1.15 6.16 5381

A_GFW (kg) 3.50 0.63 1.90 5.80 6812

Y_SL (cm) 8.4 1.84 3.5 14.0 5381

A_SL (cm) 8.7 1.29 4.5 13.0 6403

Y_LW (kg) 45.2 10.6 18.5 76.5 5674

2-yo_LWM 
(kg)

43.3 4.50 30.0 58.5 1821

2-yo_BCSM 
(kg)

3.4 0.62 2.0 4.75 1776

Number of 
lambs weaned 
per ewe joined 
(NLWEJ)

0.71 0.64 0 3 6376

Abbreviation: NLWEJ, number of lambs weaned per ewe joined.
aSD, standard deviation. Y_FD, Y_CFW, Y_GFW, Y_SL and Y_LW correspond to 
yearling fibre diameter, clean fleece weight, greasy fleece weight, staple length 
and live weight post-shearing, respectively. A_FD, A_CFW, A_GFW and A_SL 
correspond to adult fibre diameter, clean fleece weight, greasy fleece weight and 
staple length, respectively. 2-yo_LWM and 2-yo_BCSM refer to 2-year-old ewe 
mating live weight and mating body condition score (scale 1–5), respectively.

TABLE 3    |    Genetic trend estimates (b) with respective standard errors (SE) and percent change for yearling and adult traits by period.

Trait

First period (1999–2010)a Second period (2011–2018)b

Interaction b* periodb ± SE Percent (%)c b ± SE Percent (%)c

Y_FD (�m) −0.210 ± 0.004* −1.28 −0.082 ± 0.006* −0.54 *

A_FD (�m) −0.282 ± 0.07* −1.64 0.116 ± 0.01* 0.75 *

Y_CFW (kg) −0.013 ± 0.0008* −0.62 0.052 ± 0.002* 1.88 *

A_CFW (kg) −0.011 ± 0.002* −0.39 0.023 ± 0.003* 0.82 *

Y_LW (kg) 0.091 ± 0.012* 0.21 0.286 ± 0.02* 0.62 *

2-yo_LWM (kg) 0.021 ± 0.03NS 0.05 0.309 ± 0.05* 0.71 *

2-yo_BCSM 0.002 ± 0.0015NS 0.06 0.007 ± 0.0016* 0.23 NS

NLWEJ −0.010 ± 0.0006* −1.47 0.010 ± 0.001* 1.30 *

Note: Y_FD, Y_CFW and Y_LW correspond to yearling fibre diameter, clean fleece weight and live weight post-shearing, respectively. A_FD and A_CFW correspond 
to adult fibre diameter and clean fleece weight, respectively. 2-yo_LWM and 2-yo_BCSM refer to 2-year-old ewe mating live weight and mating body condition score, 
respectively.
Abbreviations: NLWEJ, number of lambs weaned per ewe joined; NS, non-significant.
aFirst period (1999–2010): The selection objective focused on reducing FD (as finer as possible), while allowing for a slight loss in CFW.
bSecond period (2011–2018): The breeding objective was focused on maintaining FD (< 15.5 μm), while increasing both CFW and LW.
cPercent (%): Corresponds to the annual genetic change as a percentage of the mean of the trait for each period.
*Significant effect at p < 0.001.
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regression of the EBVs on year of birth as well as the period 
were tested for significance. Genetic progress was expressed 
as a percentage of the mean of the trait of each period (FMP 
and CRILU).

3   |   Results and Discussion

3.1   |   Descriptive Statistics

Summary statistics for yearling and adult traits are shown in 
Table 2. The dataset contained 5381 records for each yearling 
wool trait, which includes both female and male lambs. The 
number of records ranged from 1776 to 1821 for 2-year-old 
ewe traits, and from 6288 to 7079 for mixed-age ewes 
(2–10 years old).

The mean of 2.35 for Y_CFW was similar to that previously re-
ported by Swan et al. (2016; 2.38 kg), but lower than the value 
observed by Mortimer et al. (2017; 2.79 kg), and slightly higher 
than Walkom and Brown  (2017; 2.06 kg). The mean of 8.4 for 
Y_SL agreed with the reports of Swan et al. (2016; 8.4 cm) and 
Walkom and Brown (2017; 8.5 cm), but was longer than Brown 
and Swan (2016; 7.3 cm). However, it was shorter than reported 
by Mortimer et  al.  (2017; 8.9 cm). Adult clean fleece weight 
found in the present study was consistent with that previously 
reported in mixed-age ewes of an ultrafine Merino flock (Wuliji 
et  al.  1998; 2.89 kg), but higher values have been reported by 
Walkom and Brown  (2017; 3.96 kg) in fine Merino ewes. The 
mean of 8.7 for A_SL was longer than the value of 7.6 reported 
by Wuliji et  al.  (1998) in ewes of an ultrafine Merino flock, 
but shorter compared to that earlier reported by Walkom and 
Brown (2017; 9.8 cm).

Coefficient of variation (CV) expresses the standard deviation 
as a percentage of the mean; the higher the CV, the greater the 
variability. The coefficient of variation of FD found in the pres-
ent study agreed with the value of 10% reported by Daetwyler 
et  al.  (2010), Swan et  al.  (2016) and Mortimer et  al.  (2017) in 
fine-wool Merino sheep, but lower values have been reported by 
Safari et  al.  (2005; 7%) and Brown and Swan  (2016; 7%). The 
coefficient of variation for Y_CFW was high (29%) which is 
consistent with previously reported studies (Cloete et  al.  2007 

[23%–35%]; Swan et al. 2016 [0.31%]; and Mortimer et al. 2017 
[0.34%]). In the present study, the number of lambs weaned per 
ewe joined had a very high coefficient of variation, which agreed 
with earlier findings (Safari et  al.  2005 [63.5%]; Walkom and 
Brown 2017 [109%]).

3.2   |   Genetic Trends for Wool Traits 
and Live Weight

Long-term responses in individual traits will vary depending on 
the selection programme applied in the flock. During the first 
period, from 1999 to 2010, the selection objective of this flock 
was to reduce FD, while allowing for a slight loss in CFW. From 
2011 to 2018, the breeding objective was focused on maintain-
ing FD, while increasing both CFW and LW (Ramos et al. 2023). 
The regression coefficients of mean annual EBV on birth year for 
each trait over both the selection strategies are given in Table 3. 
The genetic trends are shown graphically in Figures 1–5.

From 1999 to 2010, yearling lambs showed significant reduc-
tions in FD (−0.210 μm/year; Table 3). This is consistent in size 
and sign to responses predicted for the index utilised in this 
period (−0.25�m/year), and the high heritability of this trait 
(Ciappesoni et al. 2010; Fozi et al. 2012; Swan et al. 2016; Mortimer 
et al. 2017; Dominik and Swan 2018; Ramos et al. 2023). This 
genetic gain can also be explained by reproductive technolo-
gies utilised in the flock, including multiple ovulation and em-
bryo transfer (Ramos et al. 2021b). The annual genetic progress 
for Y_FD during the first study period was approximately two 
times greater than those obtained in the Uruguayan Merino 
sheep industry between 2001 and 2011 (−1.28% vs. −0.64%; 
Ciappesoni et al. 2014). Favourable genetic progress for reduced 
FD has also been reported in the Australian, South African and 
Chinese Merino sheep populations, although the magnitude 
of the changes varied across studies (Wuliji et al. 1998; Cloete 
et al. 2007; Taylor et al. 2007; Di et al. 2014). For example, selec-
tion over 10 years using an index that emphasised reduced FD, 
while maintaining fleece weight showed a reduction in FD of 
−0.24 μm/year (Taylor et al. 2007).

During the current study, the genetic gain of Y_FD was almost 
three times greater in the first period than in the second period 

FIGURE 1    |    Boxplot graph of estimates of breeding value (EBV) for yearling (A) and adult (B) fibre diameter by year of birth. Mean values are 
represented by a cross. The fixed genetic base was the average of animals born in 2002 Ciappesoni et al. (2007).
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FIGURE 2    |    Boxplot graph of estimates of breeding value (EBV) for yearling (A) and adult (B) clean fleece weight by year of birth. Mean values are 
represented by a cross. The fixed genetic base was the average of animals born in 2002 Ciappesoni et al. (2007).

FIGURE 3    |    Boxplot graph of estimates of breeding value (EBV) for yearling live weight (A) and 2-year-old ewe live weight at mating (B) by year 
of birth. The fixed genetic base was the average of animals born in 2002 Ciappesoni et al. (2007).

FIGURE 4    |    Boxplot graph of estimates of breeding value (EBV) for 2-year-old ewe body condition score by year of birth. Mean values are repre-
sented by a cross. The fixed genetic base was the average of animals born in 2002 Ciappesoni et al. (2007).
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(−0.210 vs. −0.082 μm/year, Table  3). This result reflected the 
change in trait emphasis in the selection index utilised in the 
second period, which focused on maintaining already reduced 
FD, while increasing both CFW and LW. Overall, the genetic 
progress of Y_FD agreed well with the phenotypic trend of this 
trait reported by Ramos et al. (2021a).

Over the entire study period (1999–2018), the total response in-
dicated a genetic decrease of −2.7 and −1.8 μm for Y_FD and 
A_FD, respectively. A similar pattern for Y_ FD and A_FD is 
expected given the high repeatability of this trait (0.76, 0.74 and 
0.67, Manson et al. 1998; Murray et al. 2001; Hatcher et al. 2005, 
respectively). This pattern was also observed in the genetic 
trends for the MERINOSELECT analysis (Sheep Genetics con-
sultant, personal communication).

The genetic trends for Y_CFW and A_CFW are given in Table 3. 
Before 2010, yearling lambs showed reductions of −0.013 kg/
year (−0.62%) in CFW. The negative genetic gain for CFW ob-
served in this study is likely a correlated response of prioritised 
selection for reduced FD due to the unfavourable genetic cor-
relation between the two traits (Safari et  al.  2007; Ciappesoni 
et  al.  2006; Ciappesoni et  al.  2013). From 2011 to 2018, the 
genetic trend of Y_CFW showed a steady increase (0.052 kg/
year, corresponding to 1.88% of the mean of the trait for that 
period). This result seems to be reasonable given the positive 
selection pressure placed on CFW post-2011, which is a mod-
erately heritable trait and has a large phenotypic variation (CV 
of 29%, Table 2). It could also be due to selection pressure being 
placed on LW, which is positively genetically correlated with 
CFW (0.27, 0.23, 0.54; Safari et al. 2007, Ciappesoni et al. 2013, 
Mortimer et al. 2017). The genetic trends of 0.052 kg/year for Y_
CFW during the CRILU period agreed with the results reported 
by Cloete et al. (2007) in a South African Merino resource flock.

During the entire study period (1999–2018), the total genetic 
progress for Y_CFW and A_CFW was 0.355 and 0.198 kg, re-
spectively. A similar rate of genetic gain between Y_CFW and 
A_CFW was expected considering that fleece weight is medium 

to highly repeatable (Manson 1998). Overall, the genetic prog-
ress of yearling and adult fleece weight is consistent with the 
phenotypic trend of these traits reported by Ramos et al. (2021a, 
2021b).

The regression coefficients of mean annual EBVs on birth year for 
Y_LW and 2-yo_LWM are shown in Table 3. The annual genetic 
gain for Y_LW was greater in the second period than in the first 
period (0.286 vs. 0.091 kg/year). This result is consistent with the 
selection index utilised post-2011, which applied increased se-
lection pressure on LW. Substantial increases in Y_LW observed 
in 2017 could, in part, be due to the influence of new groups of 
animals imported from Australia and introduced into the flock 
in 2015 (EBVs for LW of those animals are currently within the 
top 1% of the Uruguayan Merino population, https://​www.​genet​
icaov​ina.​com.​uy/​perce​ntiles.​php). Increases in Y_LW have been 
accompanied by increases in 2-yo_LWM (Figure 3). This result 
is supported by Huisman and Brown (2008) who reported that 
selection for increased LW at a given age will increase LW at all 
ages. In general, the genetic gain of Y_LW agreed with the phe-
notypic change of this trait presented by Ramos et al. (2021a).

In the present study, total genetic responses for FD, CFW and 
LW were in the desirable direction. During the study period, ge-
netic progress achieved in the selection indexes for Uruguayan 
Merino sheep resulted in an increase of approximately 25 USD 
per ewe joined (https://​www.​genet​icaov​ina.​com.​uy/​tende​ncias.​
php). These findings indicate that breeding programmes applied 
during the study period resulted in increased productivity and 
profitability.

3.3   |   Genetic Trends for Body Condition Score at 
Mating and Reproduction Traits

As shown in Table 3, a non-significant genetic trend for 2-yo_
BCSM was observed in the first period. This result suggests 
that the reduction in phenotypic ewe BCS reported by Ramos 
et  al.  (2021b) was due to non-genetic effects. Post-2011, this 

FIGURE 5    |    Boxplot graph of estimates of breeding value (EBV) for the number of lambs weaned per ewe joined by year of birth. Mean values are 
represented by a cross. The fixed genetic base was the average of animals born in 2002 Ciappesoni et al. (2007).
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trait had a small increase of 0.007 points/year (p < 0.001), cor-
responding to 0.23% of the average of 2-yo_BCSM of that period. 
The positive genetic trend for 2-yo_BCSM observed in the sec-
ond period could be due to selection pressure being placed on 
Y_LW, which is positively genetically correlated with ewe BCSM 
(Ramos et al. 2023). The genetic responses for 2-yo_BCSM were 
of a very low magnitude and would have minimal impact on 
phenotype.

From 1999 to 2010, the regression coefficient for NLWEJ was 
negative (Table  3). This result is consistent with a positive and 
unfavourable genetic correlation between adult FD and NLWEJ 
(0.33) reported by Chapman et al.  (2021). Post-2011, the annual 
genetic gain for NLWEJ was positive (0.010 lambs/ewe joined per 
year). This could be due to selection pressure being placed on Y_
LW, which is positively genetically correlated with NLWEJ (0.58; 
Safari et al. 2007). The annual genetic gains in NLWEJ achieved 
in this study are consistent with the results reported by Cloete 
et al. (2004) in Merino lines divergently selected for multiple rear-
ing ability (−0.0105 and 0.0158 for low and high line, respectively). 
Over the entire study period (1999–2018), the total response indi-
cated no genetic change for NLWEJ. This is consistent with previ-
ous research, which found that predictions of genetic gain for an 
index rewarding reduced FD and increased CFW in Merino sheep 
resulted in unchanged NLWEJ (Brown and Swan 2016).

Achieving substantial genetic gain in reproduction traits is dif-
ficult due to their low heritability and the direct measurement 
is limited to females only (Brien et  al.  2011). However, high 
coefficients of variation allow substantial progress in reproduc-
tion traits (Cloete et al. 2004). Previous studies have suggested 
that to achieve relevant genetic gains in ewe reproductive per-
formance, reproduction traits should be included in Merino 
breeding objectives (Swan et  al.  2007; Brown and Swan  2016; 
Chapman et al. 2021). In Australia, the Genetic Evaluation sys-
tem MERINOSELECT provides selection indexes with varying 
emphases on wool traits, LW at yearling and adult age, worm 
egg count and NLWEJ (Sheep Genetics  2019). Over the last 
20 years, genetic trends in MERINOSELECT have shown an 
improvement in most economically relevant traits (Van der 
Werf et  al.  2022). In the last 10 years, there has been a grow-
ing interest in including traits such as ultrasound carcass mea-
sures, ewe body condition score and other resilience traits into 
MERINOSELECT indexes (Walkom and Brown  2014; Brown 
and Swan  2016). Based on these findings and the results ob-
tained in the present study, the current breeding objectives and 
selection indexes for Uruguayan Merino sheep should be re-
fined to improve farm profitability and sustainability, and this 
would require other production traits to be included in selection 
programmes.

4   |   Conclusion

This study estimated genetic trends for production and repro-
duction traits in an Uruguayan Merino genetic nucleus after 
20 years of selection, which consisted of two distinct periods 
with different selection emphases. The results indicate that the 
breeding programme was effective in achieving its aims and 
efficacious in improving genetic gain in the traits under selec-
tion (FD, CFW and LW). The increase in LW during the second 

phase suggests a higher mature ewe weight, which likely im-
plies greater maintenance requirements. Overall, the selection 
programmes applied in the flock resulted in only marginal 
net genetic changes in 2-yo BCSM and NLWEJ, reflecting the 
lower selection pressure on these traits. Generally, the breeding 
strategy successfully enhanced targeted production traits while 
maintaining reproductive performance.
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