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ABSTRACT

Brazilian beekeeping has been developed from the africanization of the honeybees and its high
performance launches Brazil as one of the world’s largest honey producer. The Southeastern region has an
expressive position in this market (45%), but the state of Rio de Janeiro is the smallest producer, despite
presenting large areas of wild vegetation for honey production. In order to analyze the honey productivity
in the state of Rio de Janeiro, this research used classic and spatial regression approaches. The data used
in this study comprised the responses regarding beekeeping from 1418 beekeepers distributed throughout
72 counties of this state. The best statistical fit was a semiparametric spatial model. The proposed model
could be used to estimate the annual honey yield per hive in regions and to detect production factors more
related to beekeeping. Honey productivity was associated with the number of hives, wild swarm
collection and losses in the apiaries. This paper highlights that the beekeeping sector needs support and
help to elucidate the problems plaguing beekeepers, and the inclusion of spatial effects in the regression
models is a useful tool in geographical data.
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RESUMO

A apicultura brasileira se desenvolveu a partir da africanizacdo das abelhas meliferas, e seu bom
desempenho permitiu lancar o Brasil como um dos maiores produtores mundiais de mel. A regido Sudeste
ocupa uma posicao significativa no mercado, mas o estado do Rio de Janeiro é o menor produtor, apesar
de apresentar &reas expressivas de vegetacdo silvestre para a produgdo de mel. Para analisar a
produtividade de mel no estado do Rio de Janeiro, esta pesquisa estudou diversos métodos de regresséo
classica e espacial. Os dados analisados compreenderam respostas sobre apicultura de 1418 apicultores
distribuidos em 72 municipios do Rio de Janeiro. O melhor ajuste estatistico utilizado foi um modelo
semiparamétrico espacial. A utilidade do modelo proposto é estimar a producdo anual de mel por
colmeia nas diversas regides e identificar os fatores de producdo mais relacionados a apicultura. A
produtividade de mel mostrou-se mais associada com o nimero de colmeias, a coleta de enxame silvestre
e as perdas em apiarios. Este trabalho destacou que o segmento apicola necessita de apoio para auxiliar
na identificacdo dos problemas que afetam os apicultores. A utilizacao de efeitos espaciais em modelos
de regressdo sao ferramentas Uteis quando sdo utilizados dados geograficamente referenciados.
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INTRODUCTION largest honey producer. There have been

important advances in Brazilian beekeeping such

In Brazil, beekeeping has been developed from as in those publicized in bee health and genetics,
the Africanization of European honeybees which researches recognized the poly-hybrid
(Gongalves, 1974) and currently ranks as the 11" Africanized honeybee for its remarkable

resistance and improved production capacity in
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tropical climates as compared to European bees
(De Jong and Gongalves, 1998; Guerra et al.,
2000). However, the limited data available from
beekeepers reveals lower yields per colony than
that observed or predicted by scientists. The
Brazilian beekeeping sector is currently facing
important issues regarding the management of
Africanized colonies, probably due to the lack of
technical knowledge. Therefore, the introduction
of modern beekeeping techniques becomes
imperative.

The Southeastern region of Brazil is a
remarkable region, providing approximately 45%
of the national honey production. Belonging to
this region, the state of Rio de Janeiro’s
beekeeping sector displayed robust growth
during the 1950s and 1960s, but a lack of
awareness regarding the limits of the field
resulted in low profitability, about 1% of the
national production (FIBGE, 2009). Beekeeping
surveys pointed out the increasing numbers of
beekeepers, a low variety of bee products and
high losses in their business as the major
problems (Coapi, 1992; Lorenzon et al., 2008).
In order to evaluate the productivity factors, this
study aims to evaluate which regression model,
spatial or non-spatial, is more recomended to
estimate the honey production, to reveal possible
spatial clusters and the most significant factors
related to the bee production.

MATERIALS AND METHODS

The state of Rio de Janeiro is located in the
Southeastern part of the country (22°5423"S,
43°10'21"W), comprising 92 counties, with a
land size of 43,696.054 square kilometers, with a
population of about 15 million (FIBGE, 2009).
At the time of this study there were
approximately 2,000 beekeepers, mostly with 20
hives, mainly processing honey, which did not
depend on agriculture. The honey production
from Rio de Janeiro is about 404 tons, mostly
from wild vegetation. Rio de Janeiro has
expansive wild vegetation (348,985.59 hectares)
as it is not an agrarian state. The major crops
include passion fruit, beans, rice and maize,

covering  337,241.30  hectares;  livestock
represents the largest portion of agrarian
production, utilizing 1,545,123.21 hectares.

Fishing is an important source of livelihood,
while beekeeping is not; nonetheless, the
consumption of beekeeping products in Rio de
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Janeiro is an integral part of the economy. The
state of Rio de Janeiro has high geographical
diversity caused by a series of factors, which
highlight the need for spatial data analysis.
Spatial patterns can be useful and interesting to
better conduct an analysis such as regional
economics and management in beekeeping. For
this, modeling the observed beekeeping elements
can be useful.

The beekeeping data of the state of Rio de
Janeiro were obtained with a survey done in
2006 (Lorenzon et al., 2008), that interviewed
1,418 beekeepers at their apiaries using a
structured questionnaire; the beekeepers were
distributed across 72 counties.

Linear regression is one of the best-known
classical data mining techniques. However, it
makes the assumption of independent identical
distribution in learning data samples, which does
not work well for geo-spatial data, which is often
characterized by spatial autocorrelation (Bailey
and Gatrell, 1995; Druck et al., 2004). Some
regression models proposed to deal with this
situation are: Spatial Autoregressive models
(SAR) (Cressie, 1993), Conditional
Autoregressive models (CAR) (Cressie, 1993)
and more recently the Generalized Additive
Models (GAM) (Wood, 2006). Spatial
dependencies within data are taken care of by the
autocorrelation term and improve overall
classification and prediction accuracies. Table 1
reports the spatial and non-spatial regression
equations used in this work.

A standard linear regression model assumes that
the error terms (e;) are independent. Certain
distinct patterns in the residuals may suggest the
violation of model assumptions and indicate
nonlinear relations, unequal variances, and non-
normality. If any model assumption is violated,
standard linear regression may not be appropriate
or adequate and the subsequent statistical
inferences based on model parameters may not
be reliable. The second model, the SAR model
may be viewed as a generalization of standard
linear regression models such that spatial
autocorrelation is allowed and taken into
consideration. The most commonly used spatial
regression models have a spatial autoregressive
coefficient (p), which measures the strength of
spatial autocorrelation. A spatial weight matrix
(wij) corresponds to a neighborhood structure
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(Anselin, 2004). In the third regression model,
CAR, the key distinction between the SAR and
the CAR models is in the model specification
(Anselin, 2004). SAR models explain the
relations among response variables at all
locations on the lattice simultaneously, the
spatial effect is considered endogenous. In
contrast, CAR models specify the distribution of
a response variable at one location depending on
the values of its neighbors; the spatial effect of
the neighbors is considered to be exogenous
(Wood, 2006). The relation between the two
types of models is close; however, SAR models

(derived from spatial error models) may be
represented by higher-order CAR models
(Anselin, 2004). The last model, GAM, includes
an additional term, S(lat; , long;), to indicate the
bidimensional smooth function based on the thin
plate spline of the East and North coordinates. It
indicates whether the residual variation in the
data presents any spatial structure after
controlling for the explanatory covariates. This
smoothing parameter is selected by minimizing
the unbiased risk estimator, which was
equivalent to minimizing the expected mean
square error (Wood, 2006).

Table 1. Summary of the regression analysis: MMQ (Linear Model), SAR (Spatial Autoregressive), CAR
(Conditional Autoregressive), GAM (Generalized Additive Model)
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Before the spatial model fit, measuring the
spatial heterogeneity through spatial
autocorrelation is recommended. The spatial
autocorrelation of a particular attribute in the
study area depends on the lag distance among the
place locations (Bailey and Gatrell, 1995).
However, it is not always easy to distinguish
between spatial autocorrelation and spatial
heterogeneity. In this work, the Moran Index
with simulations was performed to measure the
residual autocorrelation. For spatial fit SAR and
CAR models, the weights for the adjacency and
distance matrix (w;) were given by the weights
wj; = 1 if i and j were adjacent, and O otherwise
(Bailey and Gatrell, 1995).

Akaike’s Information Criterion (AIC) and the
residual sum squares (RSS) were used to
measure the fit of the models (Burnham and
Anderson, 2004). Models with lower AIC and
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RSS values are considered to be better models in
terms of balancing fit with parsimony (Cliff and
Ord, 1981). The linear correlation between
observed and predicted values was used to
evaluate model consistency. Residual plot
analyses were done to verify if the regression
models were appropriate for the data. All statistic
analysis was done with the R Statistical Package,
version 2.9.0 (R Development Core Team, 2008).

RESULTS AND DISCUSSION

Most of the variables from the beekeeping
survey, and selected by AIC of each fitted
models, demonstrate high variability among the
counties, as described by the explanatory
analysis in Table 2. The low honey yield per hive
per year (13.64kg) stresses the insufficient
management conditions; this figure is under the
national average of 15kg (Sommer, 2001).
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Table 2. Model summary from spatial (SAR, CAR and GAM) and non-spatial (MMQ) regression models.
Residual Sum of Squares (RSS), Global Moran's residuals (Moran 1) and the Correlation between
Observed Average Honey Yield and the Predicted (p). State of Rio de Janeiro, Brazil, 2008

Model MMQ SAR CAR GAM
RSS 2,807.78 2,542.89 2,586.97 1,865.81

AIC 604,07 600.45 603.19 590.62
Moranl  -0.117  (-0.94)  -0.022  (-049)  -0.006  (0.32)  -0068  (0.81)
p 0.821  (<0.001*) 0.84  (<0.001*) 0.837  (<0,001*) 0.886  (<0.001*)

*variables significant at a 5% level of probability

Despite the regression, classical and spatial
analysis revealing that the data were well fitted,
the semi-parametric model adjusted via thin plate
spline (GAM) vyielded the best overall fit (AIC =
590.62, RSS = 1865.81 and p = 0.886) (table 2).
This same table also presents a negative
association between honey yield per hive and the
proportion of the beekeepers collecting wild

swarms, as well as the number of hives (p-value
<0.01) (Table 3). The former factor points out the
low performance of wild swarms, and the latter
one shows a tendency toward increased
honeybee populations in certain regions. This can
be due to the high concentration of apiaries (bee
population), where beekeepers try to find out
abundant melliferous flora.

Table 3. Statistical summary from spatial (GAM) and non-spatial (MMQ) regression models for the
Annual average honey yield per hive (PMCx), Total honey yield (PTM), Beekeepers receiving technical
support (ANRAT), Weekly apiary inspection (WAI), Beekeepers collecting wild swarms (CEN),
Beekeepers with losses from bee diseases (DA), Beekeepers interested in apiculture courses (AC),
Number of hives per beekeeper (LC) variables. Rio de Janeiro, Brazil, 2008

Models MMQ GAM

Coefficient p-value Coefficient p-value
Explanatory variables
PMCx 0.002* <0.001 0.0019* <0.001
PTM 0.002* <0.001 0.0019* <0.001
ANRAT 2.987 0.296 4.437 0.104
WAI -2.657 0.329 -3.469 0.184
CEN -14.110* <0.001 -9.5689* 0.013
DA 8.830* 0.002 7.566* 0.015
AC 7.61 0.137 8.89 0.004
LC -0.033* <0.001 -0.030* <0.001

*variables significant at 5% level of probability

The predicted distribution of the beekeepers’
average honey yield across different counties in
the state of Rio de Janeiro is presented in Figure
1. The maps show very subtle differences. In all
of them clusters of higher honey production in
regions to the west, mountainous regions and
mainly in the metropolitan region of Rio de
Janeiro can be seen. Most counties (37)
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demonstrated small-scale production (<14.44
kg), with a few exhibiting large-scale production
(>20.1kg). The GAM of spatial regression
highlighs more counties engaged in large-scale
production than the other models; the Linear and
SAR models are more similar in this regard.
Through the residuals analysis it was observed
that the fitted models were valid.
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Source: MAPA, SESCOOP, FAERJ, Counties= 92
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Figure 1. Spatial distribution of the predicted values from honey yield per hive per year (kg), in spatial
(SAR, CAR and GAM) and non-spatial (Linear) Regression Models. Rio de Janeiro, Brazil. 2009

All models stress the low honey yields in almost
all the counties investigated in the state of Rio de
Janeiro probably resulting from a decline of
melliferous flora (Bergallo et al., 2009) and
inadequate technical support for beekeepers as
well.

The current state of beekeeping in Rio de Janeiro
displays a troublesome lack of productivity and
requires thoughtful remediation. These deficits
are also reported in other Brazilian states with
recently begun beekeeping efforts exhibiting
quiet growth (Reis and Comastri Filho, 2003)
and in this regard, the unproductive factors need
to be assessed and corrected promptly.

The methods outlined above help to elucidate the
problems plaguing beekeepers and should
facilitate testing of new and complex statistical
models.

CONCLUSION

This research reports the importance of including
spatial effects in the regression models, even
when the traditional linear regression model does
not show a pattern of spatial dependence. In the
subject of this study, the spatial model facilitates
the analysis of honey producing regions, which is
not available with other models, thereby
improving inferences in beekeeping and several
other researches as well. Positioned at the
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confluence of new information, statistical
analysis and geographic information, GAM has

benefited from the broad expertise of its
practitioners but there is still room for
improvement  in  beekeeping.  Currently,

technicians may not take advantage of more
sophisticated modeling techniques because these
analytical tools are not applicable.
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