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ABSTRACT. Data collected (n= 830) from White-tailed 
deer (Odocoileus virginianus, Texanus) fawns was analysed 
to estimate the importance some non-genetic and genetic 
factors related to Fawns Survival (FS) of captive White-
tailed deer (WTD) neonates, by logistic and animal model 
approaches. The observed overall survival of neonatal 
WTD fawns was 85.2%. Year, litter size (LS) and service 
type had significant effect on FS (P≤0.01).  BW effect on 
FS, indicated that for LS an optimum BW exists at fawning. 
Residual variance explained ~86% of variation of FS. 
Direct and maternal heritabilities and permanent maternal 
environmental proportion estimates were 0.13±0.079, 
0.00±0.000, 0.00±0.000, respectively. Results highlighted 
the importance of some non-genetic factors on FS, and their 
inclusion in management system to improvement of 
survival. Estimates of direct heritability suggested sufficient 
additive genetic variation for inclusion of FS into genetic 
improvement programs of farmed WTD.  
Keywords:  
birth weight, 
genetic parameters 
litter size 

Introduction 
 

The farming of White-tailed deer (Odocoileus 
virginianus, Texanus) in Mexico is becoming an important 
livestock business where the main focus is on the 
production of high quality trophy animals for the game 
industry. In Northeast Mexico, hunting has contributed to 
significant income to ranch owners. In the 2008 game 
season in Tamaulipas State, hunting contributed over 16.5 
million dollars in earnings demonstrating the potential of 
this activity. Under a scheme called the Unit for Wildlife 
Management (UMA), some beef cattle ranches have 
diversified, permitting the exploitation of certain wild 
species such as the White-Tailed deer (WTD). During the 
last decade some UMAs adopted farming systems have 
focused on selection criterion based on higher antler scores 
to ensure release of superior specimens for hunting. To 
ensure sufficient numbers for selection the size of the fawn 
and survival rate in the early stages of a fawns life are 
highly relevant economic traits (Haigh et al., 2005ab). 

It is clear that most of the variation in mortality or survival 
rates of neonatal animals is related to non-genetic factors. 
There is no reported literature on genetic factors that 
influences deer neonatal survival. In species, such as sheep, 
lamb survival is influenced by the direct genetic effect of 
the lamb genes and its dam (Lopez-Villalobos & Garrick, 

1999). Survival at the individual level can be genetically 
explained by the direct genetic additive component, 
together with maternal effects (Vostry & Milersky, 2013). 
Both of these genetic effects are complementary to achieve 
sustained genetic improvement. Permanent environmental 
effects explain an important amount of variation on this 
trait (Lopez-Villalobos & Garrick, 1999), but are not 
always considered in genetic models for estimation. 
Recognition of the factors affecting survival rate is critical 
for the improvement of management and genetic programs 
in domestic animals. Although farming of WTD has 
occurred at least two decades, there are little of productive 
events for future genetic evaluation. The objective of the 
present study was to assess non-genetic factors and estimate 
genetic parameters for fawn survival (FS) of captive WTD 
neonates. 

 
Materials and Methods 

 
Source of data. Data (n= 830) was collected from 

a 1000 ha completely enclosed by a high fence WTD 
production unit located in the Nuevo Laredo municipality 
of Tamaulipas State, Mexico (27°27’N, 99°45’W)  and the 
site is on average at 190m above sea level. The region has a 
semiarid climate with an annual average of rainfall of 40 
cm. Farming of WTD began in 1999 with the construction 
of fences and the confinement of the native animals already 
inhabiting the area. Natural mating was the only 
reproduction method used prior to 2005. From 2006 to date, 
assisted reproduction was implemented through intra-
cervical and/or laparoscopic artificial insemination together 
with natural mating using selected sires on selected does 
and for oestrus returning does. Mating was scheduled for 
December, and fawning began in the last weeks of spring 
and early summer (June-July). Pregnant does were 
maintained in 0.5 ha enclosed paddocks to monitor the 
gestational period and fawning. Feeding management 
included available natural grass and shrub grazing, and 
supplementary feeding of hay, silage and a balanced 
pelleted commercial feed according to recommended feed 
allowances. Minerals and vitamins were also provided 
regularly and animals had continual access to water. 
Fawning was recorded as soon as possible and assistance 
was provided when needed. The data collected over a seven 
year period (YF: 2005 to 2011), included fawning date and 
hence month (MF: May to august), litter size (LS: 
singleton, twin and triplets), sex of fawn (SX: male and 
female), birth weight (BW), fawn survival rate (FS: 1= 
survive, 0= die), service type (ST: natural mating [NM] and 



artificial insemination [AI]) and the information of sire and 
doe. Sire information was available from AI records or 
single sire mating groups.  

Statistical analysis. Fawn survival was analysed 
using the LOGISTIC procedure of SAS (Statistical 
Analysis System, version 9.3 (SAS Institute Inc., Cary, NC, 
USA) with a logistic regression model that included the 
fixed effects of SX, YF, MF, LS, and ST and BW as a 
covariate.  Complementarily a GENMOD procedure was 
used for modelling the linear and quadratic effect of BW 
within LS on FS. Genetic analysis of FS was performed 
using the ASReml software (Gilmour et al. 2009) with an 
animal model that included the fixed effects of YF, SX, LS 
and BW as a covariate with linear effect, and the random 
effects of direct genetic animal, maternal genetic, and 
maternal permanent environment effects plus a residual 
effect and Covariance between direct genetic and maternal 
genetic effects was excluded from the model since the 
model had singularities that not allowed its convergence. 
Pedigree information consisted in 1237 animals in A matrix 
with 81 sires and 353 does. For this analysis FS was 
transformed using the logit transformation for better 
treatment of FS as a binomial trait (Lopez-Villalobos & 
Garrick, 1999). Variance components for the random 
effects were obtained and used for the estimation of genetic 
parameters for FS. 

Results and Discussion 
 

The overall survival of neonatal WTD fawns was 
85.2%. Predicted survival rates for each class of fixed 
effects considered in the logistic regression model and are 
showed in Table 1. Male and female fawns exhibited 
similar survival rate. For YF the lower FS rate was 
observed in 2005 (i.e. 69.3%) and the highest peak was in 
2007, when 98.1% of fawns survived. Most fawns were 
born in July and there were no differences in FS rate 
between months (P>0.10). Fawn survival rate has been 
found to be one most important traits related to productivity 
and profitability of deer farming. Most reports relate 
survival or mortality rates for fawns after a month of age 
and make no reference to fawn survival in the critical 
neonatal period. The present work identified sources of 
variation related to early survival of WTD neonates. 
Differences in FS between years may be attributable to 
management differences, perhaps associated to less intense 
monitoring of fawns. High survival rates in later years are 
more likely due to the improved fawning supervision, 
compared to the earlier years of the study. Less predation 
while in captivity and improved nutrition and hence 
conditions of does are also likely to have resulted in higher 
survival rates (Brinkman et al., 2004).  

Litter size had a significant effect on FS where 
survivals of fawns from singleton and triplet fawnings were 
similar, but fawns from twin fawnings had the highest 
survival rates. Birth weight of the fawn had a significant 
effect on FS. The probability of survival was explained by a 
linear and quadratic fashion for singleton and twin fawns 
(P=0.004 and P=0.02, respectively). However, for triplet 

fawns a linear function was found to be a better fit to 
explain FS, indicating lower survival probabilities with 
greater fawn BW. 

Table 1. Survival of White tailed fawns by sex of fawn, 
year and month of fawning, litter size and service type 
 

Source of 
variation* 

Number of 
fawns 

Survival % 

Sex of fawn  P=0.2292 
Male 411 87.10 
Female 417 84.17 

Year  P<0.0001 
2005 189 69.31 
2006 118 83.05 
2007 106 98.10 
2008 53 86.79 
2009 105 96.19 
2010 138 94.20 
2011 121 80.19 

Month  P=0.6402 
May 28 89.29 
June 207 83.09 
July 450 86.22 
August 139 84.89 

Litter size  P=0.0102 
1 253 81.42 
2 508 88.19 
3 66 78.79 

Service type  P=0.0037 
 Natural mating 165 93.50 
 AI 323 85.45 

*Number of observations varied among sources of variation because of 
missing information. AI: Artificial insemination. 

 

In this study, singleton and triplet fawns had lower 
survival rates than twin fawns. Therefore, two determinants 
of mortality risk are suggested; one, triplets fawns with 
smaller birth weights, have to compete for colostrum and 
doe protection, and some may be susceptible to infectious 
and non-infectious threats (Haigh et al., 2005b). Secondly, 
single fawns have higher BW and that may be a latent risk 
for dystocia for first fawning does; though, as no 
information was available related to dystocia neither 
fawning nor doe age, this assumption remains to be proved. 
Haigh et al. (2005a) reported a range from 50 to 100% for 
fawn survival of WTD in farming conditions in USA, and 
reported dystocia was related to 50% of the causes of 
neonatal loses, with 60% of the cases of dystocia in twin 
fawns. Conversely, Mellado et al. (2013) found no relation 
between mortality and litter size of WTD in Mexico; 
however, their study involved a small sample size. 
Interestingly fawns born from natural mating showed 8.1% 
higher survival rate compared to fawns born from AI. The 
use of biotechnologies to enhance reproduction is currently 
an important resource for improve productivity of deer 
farming systems (Morrow et al., 2009). Here, the use of AI 



was related to lower FS of WTD neonates, compared to 
fawns originating from natural mating. Although no 
evidence of the relationship has been reported in domestic 
animals, in humans Ombelet et al. (2006), evaluated a 
significant number of singleton and twin human births 
following controlled ovarian stimulation (COS) with or 
without AI, and found a significantly higher incidence of 
neonatal morbidity for COS and AI singletons. Twin 
pregnancies resulting from COS and AI showed an 
increased rate of neonatal mortality, assisted ventilation and 
respiratory distress syndrome.  

Knowledge of factors that increase the risk of early 
mortality of fawns is fundamental for management. Prompt 
awareness of risk factors associated with higher 
probabilities of mortality would allow the intervention with 
appropriate programs and supplementary management 
strategies. In conclusion, non-genetic factors evaluated 
showed the important effects on fawn survival of WTD 
neonates. YF, LS and ST all influence survival of WTD 
fawns. The genetic variation for direct genetic additive 
effects on FS indicates that higher survival rates can be 
achieved in WTD if breeding programs includes selection 
for direct genetic effects of fawn survival.  

Table 2 shows the variance components and 
genetic parameter estimates for FS. The larger proportion of 
the phenotypic variance was explained by the residual 
variance (i.e. 0.8673). The estimate of heritability of the 
direct genetic effect was 0.132 but maternal genetic and 
maternal environmental permanent effects had negligible 
effects on FS. The genetic influence on survival has been 
stated to be low (Lopez-Villalobos & Garrick, 1999; Vostry 
& Myleski, 2013). The authors of the present study did not 
find any scientific reports for genetic effects on FS for deer 
species. Genetic influences were identified in the present 
study only for direct genetic effects with a heritability of 
0.132. Lopez-Villalobos & Garrick (1999) reported a 
heritability of 0.013 in New Zealand Romney lambs; and 
Vostry & Milerski (2013) reported estimates of heritability 
in the range from 0.024 to 0.043 for survival at first 24 h 
after birth in Charolais, Romney, Merinolandschaf, 
Romanov, Sumava, Suffolk and Texel breeds from the 
Czech Republic. Estimates of heritability of direct genetic 
effects for calf survival in beef cattle tend to be higher than 
for lamb survival. Estimates of maternal genetic effects for 
lamb survival have been reported as the same low 
magnitude or even slightly higher than estimates of 
heritability for direct genetic effects (Lopez-Villalobos & 
Garrick, 1999; Vostry & Myleski, 2013). The estimates of 
heritability of maternal genetic effects for fawn survival in 
the present study were close to zero, and so as was the 
maternal environmental permanent influences, in opposition 
to some reports that have been stated permanent maternal 
effects to be important for lamb survival (Lopez Villalobos 
& Garrick, 1999). The estimate of heritability for direct 
genetic effect of fawn survival determined in the present 
study indicates the importance of the inclusion of this trait 
into breeding objectives. Further analysis of data if 

available may clarify the correlation of FS with other traits 
with economic importance for WTD farming systems. 

Table 2. Variance components and genetic parameters 
for survival rate of white-tailed deer (Odocoileus 
virginianus) neonates. 
 

Variance components 
σ2

a 0.5038 
σ2

m 0.095e-6 
σ2

c 0.030e-5 
σ2

e 3.2899 
σ2

p 3.793±0.3456 
Genetic parameters 

h2 0.132±0.079 
m2 0.000±0.000 
c2 0.000±0.000 
e2 0.8673 

LogL -307.844 
σ2

a = additive genetic variance, σ2
m = maternal genetic variance, σ2

c = 
maternal permanent variance, σ2

e = environmental variance. σ2
p = 

phenotypic variance, h2= direct heritability, m2= maternal heritability, c2= 
proportion of maternal environmental effects relative to phenotypic 
variance, e2 = environmental effects relative to phenotypic variance. 
LogL= Log likelihood 

 
Conclusion 

 
Knowledge of factors that increase the risk of early 

mortality of fawns is fundamental for management. Prompt 
awareness of risk factors associated with higher 
probabilities of mortality would allow the intervention with 
appropriate programs and supplementary management 
strategies. In conclusion, non-genetic factors evaluated 
showed the important effects on fawn survival of WTD 
neonates. YF, LS and ST all influence survival of WTD 
fawns. The genetic variation for direct genetic additive 
effects on FS indicates that higher survival rates can be 
achieved in WTD if breeding programs includes selection 
for direct genetic effects of fawn survival.  
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