
Abstract
A total number of 947 calving records from 613 Holstein Friesian cows raised at a private dairy farm in Kelkit, Turkey, from 2004 to 2006 
were used to study the effect of non-genetic factors on calving difficulty and stillbirth rate using CHAID algorithm. The mean calf birth 
weight was 41.0±0.19 kg. The overall incidence of calving difficulty and stillbirths in the Holstein Friesian herd were 9.1% and 9.4%, 
respectively. Calf birth weight, birth type and calving season had the greatest impact on calving difficulty. The increase in calf birth 
weight was associated with a significant increase in calving difficulties (P<0.01). The calving difficulty risk in twins (18.9%) was higher 
than in singleton calves (5.0%). The main environmental variables affecting the stillbirth rate were parity number, calf birth weight, 
sex of calf, calving season and calving difficulty. Parity number was statistically the most relevant factor affecting the stillbirth rate, 
which was also higher in primiparous (18.7%) than in multiparous cows (5.4%). As the calf birth weight increased, a significant increase 
was also in the stillbirth rate (P<0.01). The stillbirth rate in winter (19.7%) was higher than in other seasons (3.6%) (P<0.01). Calving 
assistance was associated with an increased risk of stillbirth (P<0.05). As a result, calf birth weight, birth type and calving season had 
the greatest impact variables on calving difficulty, however, parity, calf birth weight, sex, calving season and calving difficulty were the 
most effective variables on stillbirth in Holstein Friesian Cattle.
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Genetiksel Olmayan Faktörlerin Siyah Alaca Sığırlarda Güç ve 
Ölü Doğuma Etkilerinin CHAID Analizi İle İncelenmesi

Özet
Bu çalışmada, genetiksel olmayan bazı faktörlerin Siyah Alaca sığırlarda güç ve ölü doğuma etkilerinin CHAID algoritması ile analizi 
amaçlanmıştır. Bu amaçla, Gümüşhane ilinde faaliyet gösteren özel bir süt sığırı işletmesinde 2004 ile 2006 yılları arasında  doğum 
yapan 613 Siyah Alaca ineğin 947 buzağılama kaydı kullanılmıştır. Buzağılara ait ortalama doğum ağırlığı 41.0±0.19 kg olmuştur. 
Sürüye ait ortalama buzağılama güçlüğü ve ölü doğum oranları sırasıyla %9.1 ve %9.4 olmuştur.  Buzağılama güçlüğünü etkileyen en 
önemli çevresel değişkenler, buzağı doğum ağırlığı, buzağılama tipi ve buzağılama mevsimi olmuştur. Buzağılara ait doğum ağırlığı 
artıkça, buzağılama güçlüğü önemli oranda artmıştır (P<0.01).  İkiz doğan buzağılarda güç doğum riski (%18.9), tek doğanlardan (%5.0) 
oldukça yüksektir (P<0.01). Ölü doğuma etkili en önemli çevresel değişkenler sırasıyla; doğum sırası, buzağının doğum ağırlığı, buzağı 
cinsiyeti, buzağılama mevsimi ve buzağılma güçlüğü olmuştur. Ölü doğum üzerine etkili en önemli değişken doğum sırası olup, ilkine 
doğum yapan ineklerde ölü doğum oranı (%18.7), çoklu doğum yapanlardan (%5.4) yaklaşık 3.5 kat daha yüksektir.  Buzağıya ait doğum 
ağırlığı artıkça, ölü doğum oranı önemli oranda artmıştır (P<0.01). Kış mevsiminde gerçekleşen doğumlarda  ölü doğum (%19.7), diğer 
mevsimlerden (%3.6) yüksektir (P<0.01). Güç doğan buzağılarda ölü doğum (%10.0), kolay doğanlardan (%1.9) daha yüksektir (P<0.01). 
Sonuç olarak, Siyah Alaca sığırlarda güç doğuma etkili değişkenler buzağı doğum ağırlığı, doğum tipi ve buzağılama mevsimi olurken 
ölü doğum üzerine doğum sırası, buzağının doğum ağırlığı, buzağı cinsiyeti, buzağılama mevsimi ve buzağılma güçlüğü en etkili 
değişkenler olmuştur.

Anahtar sözcükler: Ölü doğum, Buzağılama güçlüğü, CHAID algoritması, Organik Hayvancılık, Siyah Alaca sığır
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INTRODUCTION

A stillbirth is defined as the death of a calf right before, 
during or within 24-48 h from parturition [1-3]. Calving 
difficulty caused by a prolonged spontaneous calving or 
a prolonged or significantly assisted extraction is known 
as dystocia [4]. Mee et al.[5] reported that worldwide the 
stillbirth rate among dairy cattle varied between 2% and 
10%, and dystocia ranged from 2% to 14%. However, 
several studies have reported an increase in stillbirth rates 
over the last few years in the United States and in several 
European countries [1,2,4,6-8].

The productivity of the beef and dairy industry is highly 
influenced by stillbirth and calving difficulty rates [7,9]. 
Meijering [10] reported that stillbirths and calving difficulties 
result into significant costs, which can be either direct 
(loss of calves, death of dams, veterinary assistance and 
labour) or long-term (culling rate, milk yield and fertility). It 
has been estimated that these losses in the dairy industry 
in the US and the UK amounted to US$ 125 million and 
£ 60 million, respectively [11]. McGuirk et al.[12]. estimated 
that the total cost attributable to a severe case of calving 
difficulty can be as high as 500 euros per case. In addition, 
calving difficulty is a welfare problem regarded as one of 
most painful conditions for calves [13]. 

Genetic, maternal, fetal, environmental and management 
factors influence stillbirths and calving difficulties [3,14], 
which however are generally explained by low degree 
of heritability. It is therefore important to determine the 
environmental factors causing stillbirths and calving 
difficulties [15,16].  

The analysis of calving difficulty and stillbirth data has 
generally been conducted by different statistical methods, 
such as variance analysis [17] and logistic regression [18]. 
The last method is the most commonly used, because 
these data are binomial [19]. A potential alternative to the 
logistic regression is the classification tree method [20]. This 
technique belongs to the field of data mining, which also 
includes cluster analysis and artificial neural networks [21]. 
CHAID (Chi-Square Automatic Interaction Dedector) and 
CART (Classification and Regression Trees) are classified 
under data mining. These data mining techniques are pre-
dominantly applied in medicine, finance [22], animal farming 
and breeding [19,23-29]. CHAID analysis has various advantages 
over other statistical method. These advantages include 
the following [23,30]: (a) CHAID is a nonparametric method, 
which does not have to satisfy assumptions; (b) CHAID 
algorithm presents multiway splits instead of binary splits 
of the predictor variables; (c) CHAID can be applied for 
all types dependent variables (continuous, nominal and 
ordinal); (d) CHAID are invariant under transformations 
of independent variables; (e) CHAID algorithm includes 
the most important variables explaining the dependent 
variable and eliminates insignificant variables; (f ) CHAID 
algorithm provides a graphical representation of the data 

and interactions within the data set can be determined and 
the graphical interpretation of complex results containing 
the interactions; (g) The model has the capability of over-
coming missing values in the dependent and independent 
variables; (h) CHAID output is highly visual and easy to 
interpret.

In general, previous studies used analysis of variance 
and logistic regression analysis methods to determine 
the factors affecting calving difficulty and stillbirth rates 
in cattle. This study aimed to determine and classify the 
factors affecting calving difficulty and stillbirth rates in 
Holstein Friesian cattle using the CHAID algoritm.

MATERIAL and METHODS

Animals and Data Set

This study consists of a set of 947 calving records of 613 
Holstein Friesian cows that calved from 2004 to 2006 at a 
private dairy farm located in Kelkit country in the province 
of Gumushane in the eastern Black Sea region of Turkey. 
This dairy farm was founded in the year 2003. During 
the time period, 5-8 month-pregnant Holstein Friesian  
cows were brought from farms managed under extensive 
conditions in the state of Wisconsin in the United States. 
The farm where the Holstein Friesain cattle herd under 
study was kept is located at an altitude of 1400 m asl. The 
climate in this region is relatively dry with rainfalls usually 
in spring and autumn. During the winter months, it snows  
a lot and the night temperature may drop even to -10°C. 
The average temperatures in this region in winter, spring, 
summer and fall are -1, 8.7, 18.9 and 10.9°C, respectively.  

Management and Feeding

Feeding, housing and animal health were managed in 
compliance with the organic farming regulations issued  
by the Turkish Ministry of Agriculture and Rural Affairs [31,32] 
under the supervision of an independent control agency 
which ensured consistency with all legal requirements. 
The use of behaviour-regulating hormones and similar 
agents was forbidden and for mating purposes artificial 
insemination was mostly used. The ration of organically 
reared dairy cattle included 60% roughage and 40% 
concentrate feed. All feeds offered to the cows were grown 
organically at the farm. Dry meadow hay, dry alfalfa hay 
and corn silage were used as sources of roughage in the 
diets of the animals. In this farm, lactating cows were fed 
daily 6 kg/head of concentrate, 20 kg/head of dry meadow 
hay and dry alfalfa hay and 10 kg/head of corn silage. Cows 
were also fed a total mixed ration (TMR) throughout the year. 

In this farm, all herd records were kept with great care 
and monitored on a daily basis. The farm staff in charge of 
calving management duly recorded all relevant data. The 
birth weights of all live-born calves were measured within  
6 h from birth. Newly-born calves were allowed to suckle 
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from their dams untill the end of first day post-partum. 
They were housed in outdoor calf hutches for 3 months, 
whereas adult animals were kept in a free stall barn. 

In addition to birth weights, the current study also 
considered a data set with data about birth date, birth 
season, parity number, birth type (twin, singleton), calf sex, 
stillbirths, calving difficulty and abortion. The data were 
edited a few times so as to delete missing, questionable 
and duplicate records. In addition, gestation periods 
shorter than 260 days were referred to as abortions [33] and 
removed from the data set.

Definitions

Deaths prior or during calving, or within 48 h from 
calving were classified as stillbirths [1-3]. Stillbirths were 
coded with a 0, whereas live births were coded with a 
1. Birth weights of calves that died before or during 
parturition were not measured and were coded as missing 
values. Births occurring spontaneously and requiring no 
intervention were defined as normal calvings, whereas 
those requiring assistance from a person and/or a veterinary 
were classified as calving difficulties [4]. Normal births 
were coded with a 1, whereas calving difficulties were 
coded with a 0. Parity number was coded as 1., 2., etc. The 
birth season was coded as winter (December-February), 
spring (March-May), summer (June-August) and autumn 
(September-November).

Statistical Analysis

The CHAID (Chi-squared Automatic Interaction Detection) 
method was used for the statistical analysis. It was used 
to determine the relationship between a dependent and 
predictor variables. The CHAID is a type of decision tree 
technique which classifies the population into subgroups 
setting the variation in the dependent variable within 
groups with a minimum value and among the groups with 
a maximum value [34]. It is a multivariate analysis technique 
which identifies the size and rank of statistically significant 
differences [35]. In the CHAID analysis, if the dependent 
variable is nominal, ordinal and continuous, respectively 
Chi-square test, likelihood ratio test and F test is used 
to specify the best next split at each step. In this study 
because dependent variable is nominal, chi-squared test 
was used to determine each split. The significant difference  
is measured by the p-value obtained from chi-squared 
test. If the p-value for any predictor is less than or equal to  
αsplit-merge, split is performed and this process is repeated 
until no forward splits are found. Conversely, the p-value 
is greater than αsplit-merge, forwad splits is not performed 
and process stoped [36]. The area under the ROC curve 
(AUC) which was used to test the compatibility of the 
CHAID model shows percentage of correct classifications. 
The AUC vary from 0.0 to 1.0. A value of 1.0, 0.0 and 0.5 
indicates an excellent positive prediction, an excellent 
negative prediction, and poor prediction performance, 

respectively. In the CHAID analysis, it was planned to 
find values belonging to at least 10 individuals in 
the parent node and 5 individuals in the child nodes in  
order to identify the random effects of parity, calving  
season, calving year, birth type, calf sex and calf 
birth weight, which are the dependent variables. The  
statistical analysis was performed using the SPSS software 
package [37].

RESULTS

The birth weight of calves ranged from 23 to 64.2 kg 
(n = 894), the average birth weight was 41.0 kg (SE=0.19 
kg) and 89 calves died with the death time distribution 
summarized in Table 1. CHAID model planned that values 
belonging to at least 10 individuals in the parent node and  
5 individuals in the child nodes be found in order to identify  
the random effects of parity, calving season, calf year, birth 
type, calf sex and calf birth weight on calving difficulty (Fig.  
1), and parity, calving season, birth year, birth type, calf sex,  
calf birth weight and calving difficulty on stilbirths (Fig. 2).  
In the CHAID model, the significant difference is measured  
by the p-value obtained from a Pearson chi-square test. 
The αmerge and αsplit values were set at 5% level.

Decision tree diagram constructed via CHAID algorithm  
for calving difficulty was depicted in Fig. 1. According to the 
tree diagram based on the CHAID algorithm, the number 
and percentage of calving difficulties were presented in the 
root node (Node 0) at the top of the decision tree diagram. 
In this node, 90.9% of the births in the herd were normal, 
while 9.1% were associated with calving difficulties. This 
node was divided into four child nodes (Node 1, Node 2, 
Node 3 and Node 4) according to the level of calf birth 
weight, which was the most important predictor variable 
determining calving difficulty in the CHAID model. No 
calving difficulty was observed when weights of the 
Holstein Friesian cattle at birth were below the mean calf 
birth weight (≤33.6 kg) (Node 1). The calving difficulty rate  
in Node 2, where a considerable part of parturitions within 
the herd can be found (68.2%), was 5.8%. 

The calving difficulty rate was 14.4% when birth 
weights were equal to almost 5 kg or higher (>45.6 kg) 
than the average birth weight of the herd (41.0±0.19) 
(Node 3). Since Node 1 and Node 3 were terminal nodes in 

Table 1. Death time distribution

Tablo 1. Buzağı ölümlerinin zamana dağılımı

Death Time
Stillbirth rate

n %

Prior or during birth 53 59.6

Birth-24 h 14 15.7

24-48 h 22 24.7

Total 89 9.4
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terms of birth weight, they had a homogenous structure,  
as they were not separated into other nodes. Judging from 
CHAID diagram, a low level of calf birth weight resulted 
in significantly greater percentage of easy and smaller 
percentage of dystocia. It could be argued that when calf 
birth weight lower than 45.60 kg calving is easy and when  
it is higher than 45.60 kg the calving  is dystocia. 

Node 2 and Node 4, on the other hand, were not 
homogenous and were further divided into child nodes. 
Node 2, which corresponded to a calf birth weight between 
33.6 and 45.6 kg, was furher broken down with respect to 
the birth type into two nodes, either singleton calf (Node 
5) or twin calves (Node 6). The birth type was the second 

most important variable in causing calving difficulties (Fig. 
1).  Node 4, which corresponded to a missing value (calves 
died before or during parturition), was furher split with 
respect to the calving season into two nodes, either fall- 
winter (Node 7) or spring-summer (Node 8). The calving 
season was the third most important variable in causing 
calving difficulties. While calving difficulties were observed 
in all stillborn calves born in the warm season, it dropped 
to 40.9% during the cold season (Fig. 1). Since the other 
variables are not effective in calving difficulty determination, 
they are not shown in the tree diagram. 

The percentage correct classification, risks, standart 
error of risk, AUC, standart error of AUC, and predicted 

Fig 1. Diagram of the classification tree regarding the calving difficulty

Şekil 1. Buzağılama güçlüğüne ilişkin sınıflandırma ağacı diyagramı
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values obtained by the fitting CHAID model to predict the 
calving easy were given in Table 2.

According to CHAID analysis, 100% of easy calving and 
15.3% of dystocia calving were correctly classified, while 
0% of easy calving and 84.7% of dystocia calving were 
wrongly assigned by using calf birth weight, birth type 
and calving season variables. CHAID analysis correctly 
determined 92.3% of calving easy.  The AUC and risk values 

of the model were used to test its compatibility (Table 
2). The compatibility of the model could be said to be 
favourable, because the CHAID analysis showed a fairly 
high efficiency (92.3%), a low risk value (7.7%), and the 
area under the ROC curve (AUC=0.752) significantly 
different from 0.5 (P<0.001) in explaining the model. These 
meaning that the CHAID algorihm classifies the group 
significantly better than by chance. AUC value close to 1.0 
indicates perfect positive prediction.

BAYRAM, TOPAL
AKSAKAL, ÖNK

Fig 2. Diagram of the classification tree regarding stillbirth

Şekil 2. Ölü doğuma ilişkin sınıflandırma ağacı diyagramı
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Decision tree diagram drawn for CHAID algorithm for 
stillbirths is shown in Fig. 2. In this Holstein Friesian herd, 
parturitions led 90.6% live births and 9.4% stillbirths. 
This node was divided into two child nodes (Node 1 and 
Node 2) according parity, which was the most important 
predictor variable in causin stillbirths in the CHAID model. 

Node 1 was divided into four child nodes in terms of 
birth weight (Node 3, Node 4, Node 5, Node 6), which was 
the second most important predictor variable in causing 
stillbirths in Fig. 2. Node 2 was further separated with 
respect to sex of calf in to two child nodes, either female 
and male (Node 7; 628 survival and 16 died) or missing 
(Node 8; 0 survival and 20 died). Since the female and 
male calves were given in a single node (Node 7) in the 
CHAID diagram, no difference was found between sex of 
calf in terms of stillbirth rate. Node 3 was divided into two 
child nodes (Node 9 and Node 10) according to the calving 
season. The percentage of stillbirths among calves born in 
the winter months (19.7%) was higher than in the other 
seasons (3.6%). 

Node 7 was divided into two child nodes: easy calving 
(Node 11) and difficult calving (Node 12). Among calves 
born normal, i.e. in births which required no assistance, 
the mortality rate was 1.9%, whereas it was 10% in births 
which required assistance. According to CHAID diagram, 
the most important variables in determination of stillbirths 
are parity, calf birth weight, sex, calving season and calving 
easy, respectively. Birth year and birth type were not 
effective in stillbirths determination, they are not shown  
in the tree diagram.

The percentage correct classification, risks, standart 
error of risk, AUC, standart error of AUC, and predicted 
values obtained by the fitting CHAID model to predict the 
stillbirths were given in Table 3.

According to CHAID analysis, 100% of survival calf and 
40.4% of died calf were correctly classified, while 0% of 
survival calf and 59.6% of died calf were wrongly assigned 
by using parity, calf birth weight, sex, calving season and 
calving easy variables. CHAID analysis correctly determined 
96.2% of stillbirths (Table 3). The compatibility of  
the model could be said to be favourable, because the  
CHAID analysis had a fairly high efficiency (96.2%), a 
low risk value (3.8%), and the area under the ROC curve 
(AUC = 0.752) sifnificantly different from 0.5 (P<0.001) in 
explaining the model. 

DISCUSSION 

The average calving difficulty rate in the Holstein 
Friesian cows was 9.1%. This result was comparable to other 
study reported (5.4%-10.8%) for the same breed [1,4,5,15,16,38-40].  
According to the classification tree technique, the most 
important variable affecting calving difficulty was the calf 
birth weight. This result was consistent with the outcome  
of earlier studies [8,14,15] that showed a increase in the calving 
difficulty incidence, when the birth weight increased. 
In dairy cattle breeds, calving difficulty caused by the 
disproportion between the size of calf and the pelvic area of 
mother was the most common. The phenotypic variations  
of these factors in calving difficulty were reported to be 
50% and 5-10%, respectively [10]. 

Although the average calving difficulty rate in this 
study is comparable with that of Holstein Friesian cows, 
the calving difficulty rate with birth weights over 45.6 kg 
(recorded in almost 20% of the herd births) was higher 
(14.4%). According to the regulations for organic dairy 
farming in Turkey, daily rations for cattle can cointain 
60% of roughage and 40% of concentrate. The use of less 
concentrate feed was expected to be a negative effect 
on the growth and development of cattle raised under 
organic conditions, but no difference was found in terms  
of age and live weight at first calving between the organic  
and conventional breeding systems [41-43]. However,  
further studies are required to reach conclusive results 
about this matter. 

Calving difficulty for twins was almost 4 times greater 
(18.9%) than for singletons (5.0%). Twin births prolonged 
the birth process and caused pain to both the mother 
and the calves, therefore caused calving difficulties that 
required assistance. Mee et al.[5] reported that birth type  
was an important factor affecting calving difficulty, whereas 
Gundelach et al.[7] reported the contrary. The latter author 
reported that cows with twins had a higher risk of insufficient 
abdominal contractions. 

Table 2. Classification results in the CHAID analysis regarding the calving 
ease

Tablo 2. Buzağılama kolaylığı bakımından CHAID analizinde classification 
tree sonucu

Calving Easy
Predicted

Easy Difficult Total

Observed

Easy 845 (100%) 0 (0%) 845

Difficult 72 (84.7%) 13 (15.3%) 85

Total 917 (98.6%) 13 (1.40%) 930 (100%)

Percentage Correct: 92.3%; Risk: 0.077; Standart Error of Risk: 0.009;  
AUC = 0.752***; Standart Error of AUC = 0.030; *** P<0.001

Table 3.  Classification results of CHAID analysis regarding stillbirths

Tablo 3. Ölü doğum bakımından CHAID analizinde classification tree sonucu

Stillbirths
Predicted

Survival Death Total

Observed

Survival 858 (100%) 0 (0%) 858

Death 36 (40.4%) 53 (59.6%) 89

Total 894 (94.4%) 53 (5.6%) 947 (100%)

Percent Correct: 96.2%; Risk: 0.038; Standart Error of Risk: 0.006;  
AUC= 0.740***; Standart Error of AUC= 0,023  
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In this farm, 89 calves were born within 48 h from 
the beginning of the parturition process. A high calving 
difficulty rate (62.9%) was associated with death before 
or during calving. In accordance with our study, Barrier 
et al.[11] reported that assistance was required and 57.1% 
of calves died before or during birth. Calving difficulties 
increase the likelihood of stillbirths due to trauma and 
anoxia [44]. The significant effect of the calving season on 
perinatal mortality was noted. Calving difficulties always 
led to stillbirths in the warm season, whereas this rate was 
only 40.9% in the cold season. Also earlier studies reported 
that the calving season is a significant factor affecting 
calving difficulty [3,4,9]. 

The average stillbirth rate in Holstein Friesian cows was 
9.4%. This result was comparable to other study reported 
(4.06%-9.7%) for same breed [6,7,14-16,44].  In this study, the 
effect of parity on the stillbirth rate was significant as 
also mentioned by earlier authors [1,7,8,9,44]. In this respect 
the most important factor was the fetus-dam pelvis 
disproportion [1,5,8,9]. Uematsu et al.[9] reported that a high 
fetus weight in pregnant heifers with an immature pelvis 
increased the risk of calving difficulty and stillbirths. The 
study conducted by Gundelach et al.[7] in Holstein Friesain 
cows with pelvis sizes of >55 versus ≤55 reported stillbirth 
rates of 7.0% and 15.6%, respectively.  

In our study, the stillbirth rate in primiparous cows 
(18.7%) was almost 3.5 times greater than in multiparous 
cows (5.4%). Although in some previous studies [1,44] 
differences were found in terms of parity, the differences 
reported for the primiparous group (7.97%-13.2%) and 
the multiparous group (4.51%-6.66) was lower compared 
those obtained in our study. These differences can be 
questioned in many respects. Firstly, the Holstein Friesian 
cattle is the dairy breed with the highest mortality rate [3], 
and the Northern American genotypes of this breed 
even have a higher mortality rate [4]. Secondly, a limited 
amount of concentrate feed was used in the organic dairy 
system. In Turkey, the daily rations for cattle can cointain 
60% of roughage and 40% of concentrate, but, given the 
insufficient feed production and high prices, it is difficult 
to provide organic concentrate feed to cattle. Therefore, 
concentrate feed is given to cattle only in the most 
physiologically demanding periods. During growth and 
development, the diet is mainly based on roughage. This 
may a negative influence on the growth and development  
of heifers and is also thought to increase the stillbirth rate, 
given their narrow pelvis size at the time of calving. Further 
studies are required in order to reach conclusive results  
on this matter.

Birth weight of calf significantly affected the stillbirth 
rate as also reported by other authors [1,8,15]. This result was 
mainly attributable to a disproportion between the fetus 
and the dam pelvis [3]. In this study, a total 89 calves that 
died, more than half (n=53) died prior or during birth.  

This suggests that there were other problems in this farm 
apart from the fetus-pelvis disproportion that had a 
negative influence on the vitality of calves. It would be 
necessary to conduct an anatomical, pathological and 
histological examination of the calves which died before 
or during calving. 

In accordance with previous studies [8,44,45], the stillbirth 
rate increased, due to the increase in dry matter intake 
lead to an increase in the birth weight during the winter 
months. Also, in cold weather increased gestation length 
and calf birth weight was a high risk for stillbirth, whereas 
in summer less intensive calving supervision and more 
oppurtinity for exercise at pasture was a low risk for 
stillbirth [5].

In accordance with the previous studies [1,3,7,11,16,44], the 
influence of calving difficulties on the stillbirth rate was 
significantly important. Some recent studies have reported 
that any degree of assistance (from limited to veterinary 
assistance) is an increased stillbirth [6] and even limited 
assistance (by one person) is also associated with an 
increased stillbirth risk [12]. It was pointed out that there is 
an interaction between parity and calving difficulty and 
that, while the stillbirth rate increased along with the 
prolongation of the birth process in primiparous cows, the 
stillbirth rate also increased in case of breech presentation 
and twins in multiparous cows [7]. 

It can be stated that in Holstein Friesian herd calving 
difficulty and stillbirth rates in our study is comparable to 
other international estimates. Calf birth weight, birth type 
and and calving season had the greatest impact on calving 
difficulty. The rates of stillbirth were significantly higher 
in primiparous (18.7%) than multiparous cows (5.4%). As 
the calf birth weight increased, a significant increase in 
stillbirth rate. Calving assistance was associated with an 
increased risk of stillbirth. Also this study demonstrates 
that a graphic model made with the classification tree 
technique makes it possible to clearly indicate factors 
affecting calving difficulty and stillbirth rates that the 
farmers and their staff may be required to manage. 
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