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ABSTRACT

In this study, land use changes in Mersin, Adana, Osmaniye and Hatay provinces were determined.
The study area has vital importance on honey production (citrus, cotton, etc.) for the Turkish
beekeeping sector and it is very vulnerable to land use changes due to urbanization and climate
change. The land use changes were determined by using 2000, 2006, 2012 and 2018 land cover maps
in the Geographical Information Systems (GIS) platform. Moreover, 2000, 2006, 2012 and 2018
beekeeping statistics were retrieved to compare the land use changes and honey production. The
results indicate that the fruit trees land use class has increased 1210 km? from 2000 to 2018 because
of these suitable lands for citrus production. In total, 3170 km? natural plant areas have been destroyed
within 18 years which threaten natural beekeeping activities. The study area includes 42 districts and
when evaluating the beekeeping statistics, total honey production has increased from 6500 tons to
15000 tons from 2000 to 2018. For the purpose of evaluating land use change and its effects, transitions
were determined for the 2000-2018 period to understand the change in land-use trends. The transitions
revealed that fruit tree and agricultural lands are being enlarge by destroying the natural plant areas
and other complex patterns which are important for beekeeping activities.
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oz

Bu calismada Mersin, Adana, Osmaniye ve Hatay illerindeki arazi degigsimleri incelenmistir. Caligma
alani Tiirkiye bal uretimi (narenciye, pamuk vb.) i¢in oldukca buiyiikk 6neme sahip olup sehirlesme ve
iklim degisikligi kaynakli arazi kullanim degisikligine oldukg¢a yatkindir. Arazi degisimleri, 2000, 2006,
2012 ve 2018 arazi kullanim haritalari kullanilarak Cografi Bilgi Sistemleri (CBS) platformunda
degerlendirilmistir. Ayrica 2000, 2006, 2012 ve 2018 aricilik istatistikleri kullanilarak arazi degisimleri
karsilastinimistir. Sonuglara goére meyve agaglari arazi ortiisii, 2000 yilindan 2018 yilina kadar bolgenin
narenciye iretim uygunlugundan dolay1 1210 km? geniglemistir. Toplamda 18 yil iginde aricilik igin
6nemli olan 3170 km? dogal bitki alanlarinin yok oldugu gézlemlenmistir. Calisma alani 42 ilgeyi
barindirmakta olup bal iiretimi 6500 tondan 15000 tona yiikselmistir. Arazi kullanim degisikligi ve
etkilerini anlamak i¢in arazi gecigleri 2000 yilindan 2018 yilina kadar hesaplanmistir. Arazi kullanim
doniisiimleri, meyve agaclan ve tarimsal alanlarin dogal bitki alanlarini yok ederek genisledigi
sonucunu ortaya gikartmistir.

Anahtar kelimeler: Arazi Kullanim Degisikligi, Aricilik, Cografi Bilgi Sistemleri
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GENISLETILMiS OZET

Amag¢: Arazi kullanim degisiklikleri, tUm dinya
genelinde dogal alanlarin yok olmasina neden olan
bir olusumdur. Arazi kullanimlari, artan nufus,
endustrilesme, artan gida ve barinma ihtiyaci,
tarimsal alanlarin artiriimasi ihtiyaci ve dogal afetler
gibi nedenlerle hizli bir sekilde degismektedir.
Ozellikle vyerlesim alanlari  hizh  bir sekilde
biylimekte ve dogal alanlar Gzerinde baski yaparak
biyime edilimine girmektedir. Ayrica ekonomik
kaygilar nedeniyle dogal alanlarin buydk bir kismi
tarimsal  alanlar ve  meyve  bahgelerine
donisturdlmektedir.  Aricilik faaliyetleri dogrudan
arazi kullanimina bagl  oldugundan, arazi
degisiklikleri ayni zamanda aricilik faaliyetlerini de
dogrudan tehdit etmektedir. Bu amagla surdurulebilir
aricilik faaliyetleri ve dogal kaynaklari korumak igin
arazi kullanim degisiklikleri ve trendleri dnemle
izlenmeli ve arazi kullanim planlari olusturulmahdir.
Bdylece yakin gelecekte bolgeyi ve diger tim aricilik
faaliyetlerini tehdit eden arazi degisimleri
ongorilebilecek ve simdiden gerek arazi kullanim
planlari gerekse yasal sinirlamalar ile aricilik icin
onemli bolgelerin korunmasi saglanabilecektir.

Yontem: Arazi kullanim degisikliklerinin incelenmesi
amaciyla 2000, 2006, 2012 ve 2018 arazi kullanim
haritalari  kullanilarak 18 yilik arazi kullanim
degisiklikleri hesaplanmistir. Toplamda 45 adet arazi
sinifi barindiran CORINE arazi kullanim verisi, 13
sinifta (Yerlesim, Tarim, Meyve Bahgeleri, Meralar,
Sklerofil, Seyrek Bitki Alanlari, Su Kaynaklari,
Karigik Bitki Alanlari, Ormanlar, Zeytinlikler, Yari
Tarim-Orman Alanlari, Ciplak Alanlar ve Orman
Gegis Alanlari) gruplandirilarak her bir arazi sinifinin
belirtilen periyotlardaki kapsadigi alanlar
hesaplanmistir. Buna ek olarak, arazi kullanimlarinin
degismesinde birbirlerine donugen arazi turleri
hesaplanarak degisimin en ¢ok hangi siniflarda

gerceklestigi ve artan-azalan arazi siniflan
belirlenmigtir.  Tim  analizlerin  yapilabilmesi,
periyotlar arasindaki arazi degisimlerinin
hesaplanabilmesi igin Cografi Bilgi Sistemi

yazilimlarindan olan ArcGIS 10.5 kullaniimigtir. Her
bir sinifa ait kapsama alanlari ve arazi tirlerinin
birbirleri arasindaki gegisler “Zonal Statistics” araci
ile  hesaplanmistir. Aricilik  istatistikleri  de
kullanilarak bal Uretimi artan ilcelerdeki arazi
degisimleri incelenmis ve sonugclar paylasiimistir.

Sonug: Arazi kullanim degisiklikleri incelendiginde,
en buylk artisin meyve agaglari arazi kullanim
sinifinda oldugu gorilmektedir. Calisma bdlgesinin
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narenciye Uretiminde en buylk paya sahip oldugu
dislinildiginde daha fazla narenciye Uretim sahasi
olusturmak igin gesitli arazi siniflarinin  meyve
bahgesine doénusturildigu goérulmektedir. Her ne
kadar bu durum narenciye bali Uretimine olumlu
etkisi olsa da arazi deg@isimlerinin sadece dogal bitki
alanlarindan meyve bahgelerine dénlstigu g6z
o6nlne alindiginda dogal alanlarda yapilan aricilik
faaliyetlerini tehdit ettigi gorilmektedir. Ayrica
meralarin ve dogal bitki alanlarin blyuk kisminin da
tarimsal arazilere donlstiigu ve toplamda 3170 km?
dogal bitki alaninin tarimsal arazilere ve meyve
bahgelerine donustugu ortaya gikmistir. Dolayisiyla
18 yillik arazi degisimleri gbz 6ndne alindiginda,
arazi kullanim degisikligi trendi bu gsekilde devam
ederse bdlgenin buyik c¢odunlugunun narenciye
bahcgesine dénusecegdi ve 10 yillik zaman diliminde
dogal bitki alanlarinin da buyudk dlgide yok olacagi
on gorulmektedir.

INTRODUCTION

Honey bees are the main pollinators of agricultural
crops (Klein et al. 2007; Brown and Paxton 2009)
and this role results in beekeeping activities to be a
rural development indicator which can be derived
from assessing bee products (honey, pollen,
propolis, royal jelly, and bee venom) (Estoque and
Murayama 2010; 2011; Damian 2016).

The current transformation of natural areas to
agricultural lands is mainly caused by land
fragmentation (DeFries et al. 2004; Murray et al.
2009) and land use change which can affect the
quantity and quality of pollen and nectar sources
(Requier et al. 2019). Land use change is the main
reason of habitat loss which results in declines of
natural resources (Pimm et al. 2001; Guan et al.
2011). Land cover change rate usually increases
from human causes such as need for new
agricultural lands, urbanization and industrialization
(Halmy et al. 2015). Although agricultural lands can
provide a high amount of pollen, pesticide usage can
also have damaging effects (Johansen, 1977;
Murray et al., 2009).

In recent studies, there are a large number of studies
about land use change detection in the field of urban,
agricultural, natural resources, water surfaces and
moors (Muller 1994; Lambin 1997; Thomas and
Laurence 2006; Huang et al. 2008; Ye and Bai 2008;
Guan et al. 2011; Subedi et al. 2013; Halmy et al.
2015). However, currently there is no study that
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focuses on land use change detection for
beekeeping activities. Because beekeeping
activities have a close relationship with water
surfaces, floral resources, urban and agricultural
lands, all the land use classes must be considered
in this context from other studies. Thus, this study
proposes a more comprehensive approach for
detecting land use changes as it relates to
beekeeping activities.

For the purpose of deciding what land use changes
are beneficial or not for beekeeping, each land use
transition must be evaluated. The land use transition
reveals the reasons for the land use change and
what might be its future projection. Generally, urban
areas tend to be enlarged at the expense of forests,
pastures, and agricultural lands. However,
agricultural lands and fruit tree areas are also
increasing and covering up natural plant areas and
pastures. While enlarging agricultural lands and fruit
tree areas provide high amount of pollen and nectar
sources, destroyed natural plant areas are also
valuable pollen sources which are decreasing at the
same time. To balance the land use changes, land
use plans must be established to sustain productivity
of beekeeping activities by determining the impact of
the land use changes. In this study, land use

changes and transitions were examined for Adana,
Mersin, Hatay and Osmaniye provinces, which are
central to the citrus and citrus honey production.

MATERIALS and METHODS
Study Area

The study areas were Adana, Mersin, Osmaniye and
Hatay provinces located in the South of Turkey and
border the north east coasts of the Mediterranean
Sea basin. In total, these provinces have 42 districts
with an area of 39662 km?. The study area is one of
the main centers of the citrus and cotton production,
are valuable lands, and have suitable climate for
citrus and cotton production. There is a high potential
of increased industrial activity due to the
urbanization of the Mersin Port. Especially, the
Adana province has the highest urbanization
potential because of intensive agricultural and
industrial activities that are already ongoing in this
region. According to the 2018 beekeeping statistics,
14997 tons of honey have been produced in the
study area and have an increasing trend in honey
production. The study area boundaries are given in
Figure 1.
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Figure 1. The study area boundaries
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Spatial Dataset

The land use changes were determined by using
CORINE 2000, 2006, 2012 and 2018 Land Cover
raster data at 100 x 100 meters resolution. CORINE
maps have 45 land use classes and for this study,
the classes were clustered into 13 classes. The
beekeeping statistics were retrieved from Turkish
Statistical Institute web site for 2000, 2006, 2012 and
2018 years. ArcGIS 10.5 software was used to
generate spatial analyses and land use changes
determination.

Methodology

The land use changes and transition probabilities
are the main decisive data when detecting the trends
of land use changes (Huang et al. 2008; Halmy et al.
2015). For the purpose of determining land use
changes, transition probabilities were specified via
the IDRISI software. The land use change
calculation was based on a comparison of CORINE
map pixels from 2000 to 2018. The result of this

comparison provides both land use area and
transitions between land use classes. Cross Table in
the IDRISI software and the Tabulate Area analyses
in the ArcGIS software were combined to detect land

use changes and transitions for the study area.

DETERMINATION OF LAND USE CHANGES

Land use changes

For the purpose of determining land use changes,
four land use cover map were classified into 13 main
classes and area of each class were determined
using the km? unit. The land use changes revealed
that urban, fruit trees, sclerophyll and shrubs are
increasing rapidly on average. Agriculture, pastures,
agro-natural and complex patterns tend to decrease.
These classes were found to have both negative and
positive associations with beekeeping activities and
honey production. The land use maps in 2000, 2006,

2012 and 2018 are given in Figure 2.
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When evaluating the land use changes, fruit tree
area has enlarged approximately 1200 km? from
2000 to 2018, which is very important for citrus
honey production. The study area is the main center
of citrus production and this production appears to
be increasing over time. Similarly, as the rest of
Turkey, urban areas have been increasing rapidly
and include residential and industrial areas which
have negative effects on beekeeping activities.
Urban areas have been enlarged 341 km? and this
enlargement has mostly occurred in the Mersin and
Adana provinces. There is also a valuable decrease
in complex patterns and pastures within the study
area, which means that the natural plant areas have
been transformed to the other land use classes. In
the study area, complex patterns and pastures are
the main source of natural plant areas in which
beekeepers tend to be intensively located. The
pastures have decreased 852 km? and complex
patterns have decreased 285 km?from 2000 to 2018
and this translates to approximately 1100 km? of
natural plant areas that have been destroyed from
the transformation of this land for other uses. While
agricultural lands are decreasing (by 375 km?), the
annual change rate is quite low in comparison to
other land use classes. Agricultural lands are an
indicator of cotton honey production in the study
area. Agricultural lands tend to decrease over time.

The percent of change in the rate of the land use
change for each class is given in Table 1 ( %1 = 400
km?).

Table 1. Percent coverage of land use classes according

to the 2000, 2006, 2012 and 2018 years

Land Use Class 2000 2006 2012 2018
Urban 1,9 2,2 23 2.7
Agriculture 18,5 17,8 17,7 17,6
Fruit Trees 0,8 2,7 2,8 3,8
Olives 0,6 0,9 0,9 1,0
Pastures 50 3,4 3,3 29
Complex Patterns 7,6 7,6 7,7 6,8
Agro-Natural 1,9 12,5 124 11,7
Forests 21,1 225 220 212
Sclerophyll 1,0 2,0 2,0 29
Shrubs 14,8 155 159 16,9
Bare Lands 2,4 4,0 4,0 3,0
Sparsely Vegetation 13,6 8,0 8,0 8,5
Water 0,9 0,9 0,9 1,0

The gain and loss is given in Figure 3 which
summarizes the land use changes. The high losses

have occurred in sparsely vegetated

areas,

pastures, and complex patterns. The largest gain

occurred in the fruit tree land use class.
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Figure 3. Gains and losses of land use area from 2000 to 2018
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When evaluating the changes year by year, shrubs,
fruit trees, urban areas and sclerophyll land use
classes are increasing and agriculture, complex
patterns and pastures are decreasing continuously.
These continuous changes suggest that there is a
systematic effect of land use changes. For instance,
the economic income of the citrus production have
been effecting other land use classes to transform
areas into ones suitable for fruit tree production for

the purpose of establishing new citrus areas.
Similarly urban areas have been enlarging due to the
increasing population and industrial activities in the
study area. Although continuous land use changes
are affecting land use regimes, they also affect the
beekeeping activities. A discontinuous increase and
decrease of land use generally occurred for different
reasons such as natural disasters, changing climatic
conditions and land use plans (Figure 4).
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Figure 4. Changes of land use classes from 2000 to 2018

Transitions of land use classes

Understanding the reasons and effects of land use
changes requires evaluating the land use transitions.
For example, if bare lands transformed into urban
areas, this status change will not affect beekeeping
activities and other land use classes because bare
lands in the first place have no economic and

56

environmental impact on beekeeping activities.
However, if pastures, agricultural lands and fruit
trees are transforming into urban areas, this can be
evaluated as a threat for beekeeping activities. Thus,
the transitions from 2000 to 2018 have been
generated to evaluate if the transitions will have a
large impact or not. The transitions are given in
Figure 5.
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Figure 5. Transitions of land use classes from 2000 to 2018

Because 13 land use classes have been used in this
study, 169 transitions were calculated (13 x 13) and
due to this high number of transitions, the legend
was not provided for Figure 5. However, important
transitions for beekeeping activities are given in
Table 2 instead. As can be seen in Table 2, the gains
in agricultural lands are mostly from the conversion
of pastures, complex patterns and agro-natural land,
which means that natural areas are generally getting
transformed into agricultural lands. Moreover,
complex patterns, agriculture and agro-natural land
use classes are also being transformed into fruit tree
land use. At this point, two disadvantages can be
underlined for fruit trees. The high amount of
transitions from agriculture to fruit trees implies that
fruit trees and agricultural lands are located in
adjacent lands to one another. Thus, pesticide use
in agricultural lands could affect the fruit trees and
impact the honey bees responsible for the citrus
honey production.

Table 2. Transitions of some land use classes

Land Use Class Change
Transitions from To (km?)
Agriculture Urban 59,8
Complex Patterns Urban 79,4
Pastures Agriculture 5,6
Complex Patterns  Agriculture  210,9
Agro-Natural Agriculture  218,1
Agriculture Fruit Trees  148,3
Complex Patterns  Fruit Trees  246,6

Agro-Natural Fruit Trees 85,1

Beekeeping statistics

The beekeeping statistics revealed that the honey
production in the study area have been increasing
from 6496 tons to 14998 tons within 18 years.
Seyhan, Yiregir, Imamoglu, Karaisal, Kozan,
Mersin (center), Camliyayla, Silitke, Tarsus and
Osmaniye Merkez districts have the highest
contribution to the total honey production in the study
area, with 11833 tons in 2018. Moreover, the Kozan
district has the 33% of the total production in the
study area. The honey production statistics are given
in Figure 6.
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Figure 6. 2000, 2006, 2012 and 2018 beekeeping statistics (total honey production)

When evaluating the land use changes in these
districts, as can be seen in Figure 7, the fruit trees
land use class has been increasing along with the
honey production. While fruit trees are increasing in
all districts, pastures and complex patterns are
decreasing. Thus, the honey production increasing

can most likely be attributed to the fruit tree lands in
these districts. However, we would like to point out
that the decreasing pastures and complex patterns
will reduce the natural plant areas so the urban and
residential enlargement patterns must be monitored
carefully.
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Figure 7. Land use changes in some districts which have high honey production
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CONCLUSIONS

Land use changes are considered to be the primary
threat for beekeeping activities all around the world.
Sustainable beekeeping and ensuring productivity
requires that urbanization and agricultural lands are
managed with explicit plans that should be arranged
by authorized institutes. Sustainable beekeeping
activity requires high quality and quantity of nectar,
pollen, propolis and water in natural areas. The
natural plant areas are especially decreasing and
this may be a potential threat for future beekeeping
activities. Establishing new fruit tree areas should be
transformed from bare lands or sparsely vegetated
areas which do not have an economic impact on
beekeeping. We determined that a large number of
fruit tree land use cover expansion results in high
economic stress for beekeeping activities and this
can occur rapidly. The future land use maps can be
used as predictive models to aid in determining
effective land use regimes to balance and sustain
both economic income and beekeeping activities.

The land use changes also should be evaluated
together with climate change, rural development and
environmental factors for comprehensive and
applicable land use management establishment.
Using past and present land use cover data can act
as a guide for future land use change models which
might aid in optimizing land use when considering a
multifactorial profession such as beekeeping. Thus,
the future land use models and related beekeeping
activities could guide us on how to best manage the
use of land and estimate the projection of the best
areas for beekeeping activities. This application can
be expanded to cover all of Turkey so that we can
understand and monitor how land use changes are
impacting the beekeeping industry.
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