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Estimating Mortality in Laying Hens as the
Environmental Temperature Increases

ABSTRACT

Layer mortality due to heat stress is an important economic loss for
the producer. The aim of this study was to determine the mortality
pattern of layers reared in the region of Bastos, SP, Brazil, according to
external environment and bird age. Data mining technique were used
based on monthly mortality records of hens in production, 135 poultry
houses, from January 2004 to August 2008. The external environment
was characterized according maximum and minimum temperatures,
obtained monthly at the meteorological station CATI in the city of Tup4,
SP, Brazil. Mortality was classified as normal (< 1.2%) or high (> 1.2%),
considering the mortality limits mentioned in literature. Data mining
technique produced a decision tree with nine levels and 23 leaves, with
62.6% of overall accuracy. The hit rate for the High class was 64.1%
and 59.9% for Normal class. The decision tree allowed finding a pattern
in the mortality data, generating a model for estimating mortality based
on the thermal environment and bird age.

INTRODUCTION

Egg production is an important economic activity for Brazilian animal
production. The state of Sdo Paulo has 31.6% of the national layer
flock, which is much higher than the second largest flock of 11.8%,
located in Minas Gerais (UBA, 2009). However, during the first half
of 2009, there was a monthly reduction of 1.68% in egg production
(UBA, 2009) as a reflex of market demand. Egg production activity
sells to a very competitive market, demanding significant effort to
reduce costs.

Few researchers have studied the effect of weather on productivity,
product quality, and animal welfare. The selection for higher production
has increased the susceptibility of poultry to heat stress, and making the
search for mitigation actions difficult (Nardone et al., 2006).

Layer mortality due to heat stress, usually observed during heat waves,
is a significant economic loss for egg producers. The municipality of Tupa,
SP, 20km distant from the main egg-producing region in Brazil, presents
a high risk of the occurrence of heat waves (Salgado, 2008).

During layer production cycle, a determined mortality rate expected.
Genetic company management manuals (Dekalb, 2009; Hy-Line, 2009;
Lohmman, 2009) indicate acceptable mortality rates between 0.8 and
1.5% per week. However, these numbers are sometimes exceeded, and
there are few studies that investigate this dynamics, which is typical of
outlier data analysis. In broilers, the increase in mortality rates caused by
heat waves was studied by Vale et al. (2008), but no studies with layers
were found.

According to the studies carried out by the IPCC (Intergovernmental
Panel on Climate Change), extreme climatic events, such as heat waves,
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will become more frequent and intense due to global warming
(Marengo, 2007), and therefore, research on the impact of
climate on animal production is of utmost importance.

The use of data mining, as proposed by Fayyad &
Stolorz (1997), has been applied in poultry production
to investigate layer breeder flocks (Lima, 2007), to
predict climatic events (Vale, 2008), and to describe
mortality causes (Vale et al., 2008), and has promoted
important developments in the knowledge, description,
and prediction of climatic events.

This study aimed at determining the mortality pattern
of egg-producing layers reared in the region of Bastos,
SP, Brazil, as a function of external environment and
flock age.

MATERIALS AND METHODS

Monthly mortality data of layer flocks reared in
Bastos, SP, Brazil, were analyzed. Data from January,
2004 to August, 2008, were obtained from the
Association of Egg Producers of that municipality.

Each layer house supplied a data bank subset,
represented by the average monthly mortality of a
flock (house). These data were later integrated to the
summary of meteorological data corresponding to the
month of that layer flock.

Data on the external environment of that region were
obtained at the CATI weather station, located in the
county of Tupd, SP, located about 20km from Bastos.

The county of Bastos is located in the Alta Paulista
region, in the west of the state of Sdo Paulo, in a region
characterized as Aw in Koppen’s classification (Rolim
etal., 2007).

In Bastos, layers are predominantly reared in battery
cages, and all layer houses analyzed in the present study
presented this rearing system. All housed were made
of wood, with clay, asbestos, or zinc roof.

Methodology

A descriptive data analysis was first carried out on
the distribution and time variability patterns of the data
using Minitab® software program

Based on absolute layer mortality data, the mortality
index (IM, Eg. 1) was calculated using the equation
presented below. The mortality index was classified as
normal or high based on descriptive statistics results and
literature recommendations, (Dekalb, 2009; Hy-Line,
2009; Lohmman, 2009).
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After statistical analyses of the data, the technique
of data mining was used to determine if there was any
bird mortality pattern as a function of external weather
environment.

The process of data mining was divided in different
phases, in successive cycles, in order to allow new
considerations and revaluations related to the domain
and inclusion and exclusion of attributes, according to
the method proposed by the CRISP-DM consortium
(Chapman et al., 2000). The CRISP-DM method
proposed that data mining is carried out according to
the following phases:

1) Understanding the knowledge domain to which

the study refers to;

2) Knowing and understanding the data bank

relative to this domain;

3) Data preparation (cleaning, building, selection,

integration, format);

4) Modeling;

5) Evaluation of the results.

Weka® 3-4 (Witten & Frank, 2005) software program
was used for the analysis, and consists of a collection of
machine-learning algorithms and data-mining tasks. In
the present study, the mining task was classification. The
classification algorithm used was J48, an implementation
of algorithm C4.5 (Quinlan, 1993; Quilan, 1996), which
generates a decision tree or classification tree to classify
mortality as normal or high.

The classification tree is a graphical representation
of the most relevant variables (attributes) that allow the
classification of an object (example). The tree is inversely
represented, with the root on the top of the picture and
the branches representing the classification rules.

Based on the root node - the first classifying attribute
- the mortality classification rules can be described
as body — head, i.e., antecedent and consequent,
presenting the logic connectors IF and AND.

Based on the classification tree, higher interest and
applicability rules can be applied according to the model
performance, measure by the precision of the model
and classification in each class, represented by the
proportion of correct hits in the classification expressed
in classification matrix, also called confusion matrix,
as shown in Table 1 (Gomes, 2002). The true-positive
values (Table 1) represent values correctly classified in
their respective class, whereas false-negative values are
those incorrectly classified in that class.

Number of birds killed in the month

x 100

Index of mortality =

Number of birds of used in the month
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Table 1 - Confusion matrix model and calculation of class precision and model precision for the classification with two classes.

Class Predicted as C+ Predicted as C-

C+ True positive False negative
(Vp) (Fn)

C- False positive True negative

(Ep) (Vn)

Classo precision?
Vp/(Vp+Fn)x100

Model precision?

[(Vp+Vn)/N]x100
Vn/(Fp+Vn)x100

1 - Expressed in a 0-1 scale. 2 - N is the number of instances (examples) in the tested set; precision expressed as percentage.

RESULTS AND DISCUSSION

Monthly maximum and minimum temperatures
presented similar behavior, and where higher during the
summer months, as shown in the graphs in Figure 1 (a
and b). The standard error of these variable, as observed
in each point of the graphs, was low, demonstrating
the thermal behavior of the region maintained the same
behavior during the five studied years.
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Figure 1 - Annual variation of monthly minimum (a) and
maximum (b) temperatures between 2004-2008 in the region
of Bastos, SP, Brazil.

Mortality index presented Poisson’s distribution,
with a very long tail to the right (Figure 2a), which was
expected, as the monthly average of 0.8% represents
normal mortality, whereas the right side represents
high mortality.
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Figure 2 - Histogram of mortality index (a) and mortality index
boxplot (b) between 2004-2008 in the region of Bastos, SP, Brazil.

According to the “Protocol of layer welfare” (UBA,
2008), mortality should not exceed 1.2% of the birds
housed. Descriptive statistics showed that 72.1% of the
mortality data were below 1.26% (3 quartile value,
Figure 2b), indicating that mortality was sometimes
higher than the standards established in the genetic
line manuals (Dekalb, 2009; Hy-Line, 2009; Lohmman,
2009; Figure 3b). Therefore, the following mortality
index (M) classes were determined: normal (IM < 1.2%)
and high (>1.2).

Data mining processing generated the classification
tree (Figure 4), which general precision of the model
was 62.6%. The high class had a hit precision of 64.1%b,
and the normal class, 59.9% (Table 2).

The model presented regular performance for the
classification of layer flocks as normal, and therefore



Pereira DF, do Vale MM, Zevolli BR,
Salgado DD

1.41
1.31
1.2
1.11
1.07
0.91
0.81

Index of mortality (%)

1 2

3 4 5 6 7
Month

8 9 10 11 12

)
Q
~

27.9%

72.1% [ High
(b) ] Normal

Figure 3 - Annual variation of layer mortality index (a) and mor-
tality index percentage occurence (b) between 2004-2008 in the
region of Bastos, SP, Brazil.
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was not adequate for this classification, but the
performance of the model for high mortality was
better. Vale et al. (2008), working with broiler mortality,
similarly to the present study, obtained a classification
tree model with a high mortality classification precision
of 76 and 83%, depending on the model approach used
to select the variables.

Table 2 - Confusion matrix of the prediction results of the layer
mortality classification model presented in Figure 1.

Mortality classes High Normal
High 3597 1252
Normal 2014 1870
Hits* 64.1% 59.9%

* Classification precision.

In the present study, high mortality was the main
interest, rather than normal mortality rates. The
technique of data mining allows extracting the rules
that have higher interest or are more important in a
model (Gomes, 2002).

The variables presented in the root node have
higher classification power (Witten & Frank, 2005).
In the classification tree presented in Figure 3, flock
age was more important in the determination of bird
mortality, as it occupied the first root node. Chickens
between 24 and 28 weeks of age respond differently
to environmental weather conditions as older birds
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Figure 4 - Classification model in the layer mortality tree.
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are heavier, and therefore, their heat exchange with
environment is more difficult as compared to younger
birds (Campos, 2000; Furlan & Macari, 2002). In addition
to body weight, 28-w-old layers are achieving the peak
of lay, according to most genetic line manuals (Dekalb,
2009; Hy-Line, 2009; Lohmman, 2009), which means
that they have higher metabolic activity, and require
more nutrients, particularly amino acids (Rocha, 2006;
Lin et al., 2006) and energy (Rostagno et al., 2005),
generating more metabolic heart, and presenting lower
capacity of responding to heat stress.

The other attributes were average minimum and
maximum temperatures. According to Yahav et al.
(2000), temperature is the most important factor among
the causes of heat stress in layer hens.

The left branch of the classification tree in Figure 4
shows the rule of classification of high mortality when
age is equal to 28 weeks and higher than 24 weeks.
During this rearing phase, a monthly average minimum
temperature higher than 19.2 °C was associated to high
mortality. At this age period, layers are still growing, and
need to deposit between 160 and 320g body weight
and to rapidly increase egg production from 5 to 95%
(Dekalb, 2009; Hy-Line, 2009; Lohmman, 20). This
physiological condition may thermoregulation difficult.

Figure 1a shows that the months with minimum
temperature higher than 19.2 °C corresponded to
the hot season in the region of Bastos, indicating that
some management strategies, such as housing layers
to have to onset of lay during the cold season, lowers
the probability of high mortality. In addition to their
physiological status, housing layers with onset of lay
during the hot periods of the year may result in worse
performance and high mortality (Al-Awadi et al., 1995).

When layers were older than 28 weeks of age, high
mortality was observed under different conditions, as
shown in the right branch of Figure 4, generating further
13 rules for the classification of high mortality. These
rules were age, as first conditioning factor, followed by
daily minimum and maximum temperatures.

The classification model of Figure 1, associated to the
forecast of monthly average minimum and maximum
temperatures for the region of Bastos, allowed building
a classification tree and estimating high mortality
(>1.2%) in layer flocks as a function of flock age in
weeks.

Classification rules containing only minimum
temperatures and bird age indicate that, in order to
build the classification model in Figure 1, these are
better predictors of mortality than other variables, such
as monthly average maximum temperatures. This is the
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case of the first rule for high mortality generated in the
right branch of the tree in Figure 4 (IF age > 28 AND
average minimum temperature > 21°C, THAN high
mortality).

In the present study, the months of October to March
presented average minimum temperature higher than
21 °C and monthly average temperatures higher than
30 °C. These high temperature cause high levels of stress
in adult birds (Furlan & Macari, 2002), which may cause
high mortality due to compromised immune response
(Mashaly et al., 2004; Mumma et al., 2006).

The remaining of the tree is developed for bird age
higher than 28 weeks, and monthly average minimum
temperature is lower than 21°C. In this branch, an
interesting rule is observed for birds older than 60
weeks: higher mortality rate is expected when monthly
average minimum temperatures are lower or equal to 16
°C, that is, a winter condition in that region, as observed
in Figure la. Mortality after 60 weeks of age may be
associated to physiological depletion of the birds, which
is at the end of the laying period, with consequent worse
immune status and lower resistance to cold extremes
(Spinu & Degen, 1993), particularly in the open-sided
poultry houses typical of the studied region.

The other rules established in the classification tree
are more complex and difficult to interpret. It is possible
that factors such as gradual bird acclimation (Sykes &
Fataftah, 1986; Yahav & McMurtry, 2001) promote
transient adaptation to the seasonal changes of average
temperatures.

An alternative for the evaluation of rules in future
studies is the application of techniques to evaluate rule
interestability - a word used to define the technique
of evaluating a rule based on its quality as an useful
and applicable rule (Gomes, 2002; Freitas, 1999) and
that involves classification precision measurements
and judgment by one or several experts in that domain
(Gomes, 2002).

The technique of data mining was considered
satisfactory in a similar study carried out by Vale et al.
(2008), who recorded mortality and weather data on a
daily basis. In the present study, as opposed to that of
Vale et al. (2008), monthly cumulative mortality may
have hindered better analysis performance, as the use of
monthly averages of bird mortality and of environmental
variables reduces the variation among observations,
and may omit mortality during a few days of heat wave
during the month. On the other hand, the coherence of
the variables used in the model indicate that data were
properly collected and allowed higher model precision.
Vale et al. (2008) obtained significant precision gains
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when changing the modeling approach using daily
information generated by the weather stations. In future
studies, data should be collected daily, and mortality
should be anticipated in advance, as in the study of
Vale (2008).

CONCLUSIONS

It was possible to build a classification tree for layer
mortality based on historical flock and weather data.

The use of data-mining techniques allowed the
establishment of patterns in mortality data, generating
a classification tree model to estimate losses due to
mortality. However, the utilization of daily recorded data
may improve the precision of the classification model,
which used monthly averages in the present study.
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