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Genetic and non-genetic factors affecting survivability and 
growth of Cyprus Damascus goat kids



The Cyprus Damascus (Shami) Goat

• Characteristics of the Cyprus Damascus goat breed:
- High prolificacy (1.80 kids per doe kidding) 
- Birth weights range from 3.5 kg to 5.5 kg depending on the type of birth and the sex
- High milk output (ranging between 350 and 650 kg per goat per lactation) 

• Is a dual-purpose small ruminant, native breed of Syria 
that was imported to Cyprus over 90 years ago and 
adapted to the dry and hot climate conditions and low-
quality pastures of the island.

• Pure breed Damascus goats currently account for over 
23% of the Cyprus goat population but also contribute to 
74% of cross breads.
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(Mavrogenis, 1985; Constantinou, 1989; Hadjipavlou et al., 2020)



Goat kids survival and early growth

• Young stock mortalities, and slow growth of kids are key 
causes of lower productivity in caprine farming.

• Limiting not only the animal welfare but also constraining 
herd expansion and any potential interventions towards 
genetic improvement of the livestock.

• Factors affecting survival and early growth of kids
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Survival at birth Survival at weaning Live weight at birth Live weight at weaning

- Kidding day
- Gestation length
- Birth weight
- Dam age 

- Kidding day/season
- Gestation length
- Birth weight
- Dam’s weight
- Litter size

- Kid gender
- Dam’s kidding age 
- Gestation length 
- Litter size 

- Kid gender
- Dam’s kidding age 
- Rearing system

(Sofocleous et al. 2014; Josiane et al., 2020; Chauhan et al. 2019) 



Aim of the Study
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Retrospective study on data of a single Damascus goat herd raised at the Experimental Station of 
the Agricultural Research Institute, Cyprus

1. To identify explanatory variables and determine the most appropriate models for the 
prediction of:

• Survival traits  Survival at weaning/final age (finishing)
• Early growth traits  Live weights at birth/weaning and finishing 

                                                             Pre- and Post-weaning growth rates.

2. To determine total heritability (direct and maternal) estimates for these traits.

3. To assess genetic trends for these growth traits of Damascus kids. 



Materials and Methods
Data Source – Flock management and breeding procedure

Health and disease management - with routine 
prophylactic immunizations and symptomatic 
treatments.

Semi-intensive system of management system. - 
Housing in open paddocks with partially covered stalls

Reproduction - on the basis of selection system using 
genetic and phenotypic characteristics was practiced 
twice per year with births occurring from February-
March & November-December.

Damascus goat herd raised at 
the Experimental Station of 

the Agricultural Research 
Institute, Cyprus

(2005-2022)
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Weaning strategy - Immediately after birth, kids were 
selected for nursing by the dam or artificial rearing 
with milk replacement till weaning.



- 1) Kidding year
- 2) Kidding season
- 3) Kidding day
- 4) Litter size
- 5) Gender
- 6) Birth weight
- 7) Pedigree (dam &sire)
- 8) Maternal components (Dams’ age/lactation number)
- 9) Gestation length

Materials and Methods
Weaning strategy, data collection and statistical analysis

• Statistical analysis

Finishing (day 117±17)

• Data collection and studied traits

- 10) Weaning duration 
- 11) Weaning age
- 12) Weaning weight
- 13) Rearing system

- Binomial logistic regression  for survival traits. 
- Multivariate linear regressions  significant fixed effects for live weights traits. 
- Mixed model analysis using BLUP (best linear unbiased prediction)  heritability estimates
                                                                                                                              breeding values for survival and live weight traits
- All statistical analyses were performed using R (R Development Core Team, 2012) & ASReml-R (Butler et al., 2017)
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Weaning (day 49±6)

Post-weaning
- 14) Finishing day 
- 15) Finishing age
- 16) Finishing weight

Pre-weaning

Natural rearing by dam (N)
Artificial rearing with milk replacement (A)

Birth



Results I: The ARI data set
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Variables Levels No. of observations (%)

Gender
Male 3148 (52 %)

Female 2939 (48 %)

Kidding season
1 – (February – March)  3008 (49 %)

2 – (November – December) 3066 (50 %)
Other 14

Dams’ lactation 
number  

1  1627 (26.7 %)
2  1380 (22.7 %)
3  1011 (16.6 %)
4  771 (12.6 %)
5  493 (8.1 %)

>6  662 (10.9 %)
N/A 144 (2.4 %)

Litter size

Singleton 879 (27.0%)
Twin 3900 (59.8%)

Triplet 1233 (12.6%)
Quadruplet 76 (0.6%)

Rearing system
Natural suckling (N) 3257 (53.5 %)

Artificial feeding unit (A) 2512 (41.3 %)
N/A 319 (5.2 %)

6087 live born kids 
Born between 2005-2022

Variables Average ± s.d

Dam’s kidding age (months) 39 ± 22
Gestation length (days) 150 ± 8

Weaning age (days) 49 ± 6
Finishing age (days) 117 ± 17



Results I: The ARI data set
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Traits analyzed Number of 
records Average Confidence 

interval
Survival at weaning (%) 6087 80.5% 79.4 – 81.6

Survival at finishing (%) 4801 74.7% 72.2 –  77.2

Traits analyzed Number of 
records Average Standard 

deviation
Birth weight (kg) 6087 4.1 ± 0.76

Weaning weight (kg) 4801 13.0 ± 6.19

Finishing weight (Kg) 4504 29.0 ± 6.65

Pre-weaning growth rate (kg/day) 4801 201.8 ± 50.8

Post-weaning growth rate (kg/day) 4504 216.6 ± 59.3

• Summary statistics for survival and growth traits of Damascus kids



• Plot of Kaplan-Meier curve showing survival against time of Damascus goat kids.

- Mortality from birth to weaning was 20% and reached 25% at finishing.
- Two-thirds of the deaths occurring in the first 2 weeks of life.

Results II: Survival of kids from birth to weaning age
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Pre-weaning Post-weaning                    



Results II: Evaluation of the effect of factors on the survival 
of kids from birth to weaning age 

10

Variables z-test Odds ratio

Gestation  length 4.35***

Kidding day 10.15***

Birth weight -2.21**

Dam’s kidding age 4.29***

Gender (F-M) 0.86 1.47

Litter size (2-1) 1.49 2.74

Litter size (3-1) 2.63** 7.37

Litter size (4-1) 0.43 2.19

Rearing method (A-N) 18.33*** 6.61

Litter size3*Birth weight -3.10**
*p<0,05 , **p<0,01 , ***p<0,001 
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Results III: Impact of birth weight on kids survival and early 
growth traits

Birth weight (kg)

Pr
e-

w
ea

ni
ng

 m
or

ta
lit

y 
(%

)

1.5-2.0
2.1-2.5

2.6-3.0
3.1-3.5

3.6-4.0
4.1-4.5

4.6-5.0
5.1-5.5

5.6-6.0 >6
0

20

40

60

80

100

120

• Effect of kids birth weight on pre-weaning mortality • Effect of kids birth weight on pre- and post-weaning 
growth rate



Results III: Factors associated with birth/weaning/finishing 
weight of kids
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Variables
Birth weight Weaning weight Finishing weight

Difference in weight 
(kg ± s.e.)

Difference in weight 
(kg ± s.e.)

Difference in weight 
(kg ± s.e.)

Dam’s kidding age 0.03 ± 0.01 * NS NS

Kidding season                (2-1) -0.23 ± 0.07 *** -1.91 ± 0.32 *** NS

Gestation period 0.04 ± 0.00 *** -0.06 ± 0.01 *** -0.10 ± 0.03***

Dam lactation no.           (2-1) 0.38 ± 0.03 *** 0.32 ± 0.11 *** NS

(3-1) 0.53 ± 0.04 *** 0.45 ± 0.13 ** NS

(4-1) 0.50 ± 0.05 *** 0.73 ± 0.14 *** NS

(5-1) 0.50 ± 0.06 *** 0.89 ± 0.16 *** 1.38 ± 0.33*

(>6-1) 0.42 ± 0.08 *** 0.51 ± 0.15 *** NS

Gender                            (F-M) -0.41 ± 0.02 *** -0.65 ± 0.07 *** -3.85 ± 0.14***

Litter size                          (2-1) -0.40 ± 0.11 *** NS NS

(3-1) -1.11 ± 0.11 *** NS 3.68 ± 1.44*

(4-1) -1.19 ± 0.25 *** -2.74 ± 1.28* -6.34 ± 2.59*

Kidding day NA -0.06 ± 0.00*** -0.11 ± 0.01***

Birth weight NA 1.51 ± 0.06 *** 2.38 ± 0.12***

Rearing method             (A-N) NA -1.34 ± 0.07*** -2.52 ± 0.15***

Weaning age NA 0.07 ± 0.01*** -0.10 ± 0.01***

*p<0,05 ; **p<0,01 ; ***p<0,001; NA, Not Applicable; NS, Not significant; kidding year* 



Results IX: Mixed model analysis using BLUP
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Y =  µ + Xb + Wu + e

Mixed model analysis using BLUP
- Accounts for the genetic relationships between the animals and estimation of the heritability of 

the trait
- Leads to more precise estimation of the fitted fixed effects

Y – a vector of observations on specific traits of the animal
μ – overall mean
b – a vector of fixed effects
Wu – vectors of random effects (pedigree-based relationship matrix)
e – the vector of residuals



Results IX: Heritability estimates (h2) for early growth traits 
of Damascus goats
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Total heritability (h2) Standard error

Survival at weaning 0.09 0.02

Birth weight 0.41 0.03

Weaning weight 0.20 0.03

Final weight 0.23 0.03

Pre-weaning growth rate 0.24 0.03

Post-weaning growth rate 0.16 0.03



Results X: Genetic trend on breeding values of kids birth 
weight over the years
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Box plots with estimated breeding values of the kids within year of birth

Genetic trend based on means of yearly estimated breeding values of the kids 



Results X: Genetic trend on breeding values of kids pre- & 
post-weaning growth rates over the years
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Box plots with estimated breeding values of the kids within year of birth

Genetic trend based on means of yearly estimated breeding values of the kids 



Conclusions and future work

Future work:
- Genome-wide association studies using medium-throughput SNP bead chip genotyping data of a prospective cohort of kids 

from the ARI farm are in progress to further assess genomic factors contributing to neonatal survival and growth potential of 
kids.
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• Pre-weaning mortality rate ~20%
• Factors found to influence: 

- Pre-weaning survival of kids – Birth weight, Litter size and Rearing method 
-     Live weight of kids at birth - Dam’s age, Kidding season, Gestation period, Gender, Dam’s lactation number, Litter size
- Weight of kids at weaning - Kidding season, Gestation period, Dam’s lactation number, Gender, Litter size, kidding day, 

birth weight, rearing method used and weaning age 
- Weight of kids at finishing - Gestation period, Dam’s  lactation number, Gender, Litter size, kidding day, birth weight, 

rearing method used and weaning age 
• Accurate heritability estimates for survival and early growth traits of Cyprus Damascus goat.
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