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Abstract
Climate change, a multi-component phenomenon, affects the biodiversity at all levels from the organisms to biomes.
Climate change components could be listed as; temperature, rainfall, extreme events, CO2 concentration, Ocean / Sea
dynamics. Sea-water temperatures and sea level changes in the world and Mediterranean scale, at local scale, the
temperature and precipitation data related to the area, CORINE Land Cover data, Normalied Difference Vegetation
Index (NDVI) products, have been investigated for the potential use to determine the possible effects of climate change
on the Datca – Bozburun SPA by using endangered flora and fauna species observation data. Results of the study
showed that evaluated spatial data and spatial decision support tools have huge potential to construct specific,
measurable, achievable, realistic and timely strategies to preserve the SPA’s from the negative effects of the climate
change.
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INTRODUCTION
To identify the impacts of climate change on the species and habitats in Datça-Bozburun Special Protected Area, define
necessary precautions and enhance capacity to adapt climate change in the region. Main outcomes of such a study can
be listed as follows: Climate change adaptation strategy and action plan for the SPA, Awareness and local capacity
enhanced in the region on the adaptation to climate change and Strategy and action plan preparation experience on
climate change disseminated to other SPAs
Climate change, a multi-component phenomenon, affects the biodiversity at all levels from the organisms to biomes.
Climate change components could be listed as; Temperature, Rainfall, Extreme events, CO2 Concentration, Ocean / Sea
Dynamics (Bellard C., et al. 2012). Strategies, developed to remove or manage the impacts of climate change on
biodiversity, constructed mainly on the general principles that can be listed as;
•
•
•
•

Building corridors to increase permeability
Increase understanding of genetic diversity and viability of populations
Provide buffer zones around preserves
Take a macro-dynamic perspective in management decisions

The adaptation planning work, which includes these general strategies, involves several key steps that require the
cooperation of field managers, the public, scientists, lawmakers and economic supporters all together. These key steps,
common in most all spatial planning activity (Heller N. and Zavaleta S., 2009);
•
•
•
•
•
•

Determination of purpose and related targets
Evaluation of the effects
Development of adaptation measures
Experiment
Monitoring / evaluation
Application

For each of these listed steps, there is a need to use decision support tools so that the interested phenomenon can be well
understood. At this point, Geographic Information Technologies (GIS), Remote Sensing (RS) and Spatial Data Analysis
have been identified as important tools. Precise tracking of critical parameters at different spatial and temporal
resolutions is possible in many ways in today's spatial data intensive environment. For example, it is now possible to
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identify and inspect sensitive terrain elevations or forest canopies at high spatial resolution and at very low cost with
Unmanned Aerial Vehicles (UAV). On the other hand, detection and following the changes of Land Cover can be done
with the integrated use of GIS and RS technologies. Spatial Data Analysis provides tools for the detection of
biodiversity relationship with land cover, and fuzzy methods have a significant potential for the detection of transition
areas (Foody G.M., 2008).
In this context; Sea-water temperatures and sea level changes in the world and Mediterranean scale, at local scale, the
temperature and precipitation data related to the area, CORINE Land Cover data, Normalied Difference Vegetation
Index (NDVI) products, have been investigated for the potential use to determine the possible effects of climate change
on the Datca – Bozburun SPA by using endangered flora and fauna species observation data.

STUDY AREA AND DATA SETS
Datca-Bozburun SPA protection status annouments date is 21.11.1990, the area of the SPA is 1443,89 km2, the number
of the person, living in is 26.324 (according to the 2009 census), Datca-Bozburun SPA covers %0,185 of Turkey (figure
1).
To fulfill the aim of the study; Sea-water temperatures, temperature and precipitation data, CORINE Land Cover data,
Normalied Difference Vegetation Index (NDVI) products, have been investigated for the potential use to determine the
possible effects of climate change on the Datca – Bozburun SPA by using endangered flora and fauna species
observation data.

Figure 1. Red areas of the first map shows the 16 SPA’s of Turkey and the bottom one is the border of the Datca –
Bozburun SPA
Flora and fauna precense of the study area:
Flora: Datça-Bozburun SPA is an important region in terms of habitat diversity. According to the EUNIS habitat
classification system, Datça-Bozburun region contains 32 different habitats. Most of these habitats are under the basic
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habitat class “F : Heathland, scrub and tundra”. Six of the 32 habitats were identified as priority habitats in the
conservation area. These habitats; Posidonia beds, Embryonic shifting dunes, Terrestrial quillwort communities,
Liquidambar orientalis woods, Anatolian Phoenix theophrasti groves, Coniferous woodland dominated
by Cupressaceae or Taxaceae
Fauna: Datça-Bozburun SPA is an important part of Anatolia located in the south-western and has rich marine and
terrestrial diversity. 817 marine and terrestrial invertebrates, 183 marine fishes, 4 amphibians, 26 reptiles, 126 birds, 33
mammals, and a total of 1189 species live in the region. Ottoman's Copper (Lycaena otomana), Turkish Red Damsel
(Ceriagrion georgifreyi), Common Smoothhound (Mustelus mustelus), Sandbar shark (Carcharhinus plumbeus),
Angelshark (Squatina squatina), Mediterranean Spur-thighed Tortoise (Testudo graeca), Audouin`s Gull (Ichthyaetus
audouinii), Cinereous bunting (Emberiza cineracea), Wild Goat (Capra aegagrus), and Mediterranean Monk Seal
(Monachus monachus) could be key/indicator species for Datça-Bozburun SPA. Furthermore, invasive lessepsian fishes
such as Silver-cheeked Toadfish (Lagocephalus sceleratus) or economically important species such as Marchalina
hellenica, which plays a major role in the production of honeydew honey, could also be monitoring determining the
impacts of climate change on the region.

METHODOLOGY
In the scope of the study, the methods mentioned above was used to determine the effects of climate change on
biodiversity, to take the measures and to develope the strategies for increasing adaptation capacity. In this context; Sea
water temperature and sea level changes in the World and Mediterranean scale, at the local scale temprature and
precipitation data, Land cover (CORINE) and NDVI have been compiled and evaluated for potential use of climate
change to determine the possible effects.
Figure 2 represent the Sea-water temperatures changes in the world Mediterranean Sea is in the dark ogange and red
area. It means in the global scale Turkey is situated on a problematic point in the general picture with its long shoreline.
On the other hand, Datca-Bozburun SPA is on the close region to the red regions within the meaning of the sea level
changes (figure 3). These two global data shows the general picture of the world and the situation of the study area in
this general picture.

Figure 2. Global Sea Surface temprature anomalies (Nov. 1982 – Agu. 2012)
Source: httpwww.ospo.noaa.govProductsoceanindex.html
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Figure 3. Mediterranean sea level trends (mm/year) Jan. 1993 - June 2014
https://www.aviso.altimetry.fr/en/applications/navigation-by-area/mediterranean-sea.html
As a result of collective evaluation of temperature data from 9 stations (Table 1) used in the study, the overall increase
in temperature of the SPA about 0.5 to 1 C (figure 4). It has been determined that this increase is about twice as high as
the center than in the eastern and western ends of the study area.
Table 1. Temprature data station name and temproral data depth
Station number

Station name

Temproral depth

1
2
3
4
5
6
7
8
9

BODRUM
MERKEZ
DALAMAN
FETHIYE
DATCA
MARMARIS
MILAS
YATAGAN
KOYCEGIZ

1938 – 2017
1930 – 2017
1956 – 2017
1940 – 2017
1965 – 2017
1959 – 2017
1963 – 2017
1967 – 2017
1963 – 2017

Figure 4. 1970-2016 Temprature Changes
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As a result of collective evaluation of precipitation data from 9 stations used in the study, the overall increase in
precipitation of the SPA about 20 to 40 mm (figure 5). It has been determined that this increase is about twice as high as
the eastern and western ends than in the central regions where the temperature is relatively less increased.

Figure 5. 1970-2011 Precipitation Changes
CORINE data of the European Environment Agency (EEA), for the purpose of gathering information on land-cover
issues (air, water, land cover, coastal erosion, biotopes), constitutes another data item. CORINE data were compiled for
the years 1996 (figure 6), 2000 (figure 7), 2006 (figure 8) and 2012 (figure 9).

Figure 6. Generalized 1990 CORINE classification

Figure 7. Generalized 2000 CORINE classification

144

Proceedings, 7th International Conference on Cartography and GIS, 18-23 June 2018, Sozopol, Bulgaria
ISSN: 1314-0604, Eds: Bandrova T., Konečný M.

Figure 8. Generalized 2006 CORINE classification

Figure 9. Generalized 2012 CORINE classification
According to the areal distribution of the generalized 1990, 2000, 2006 and 2012 CORINE Land Cover classes;
percentage of the artificial areas is increased %0,76 to %1,06, percentage of the agricultural areas is increased %13,81
to %14,16 and last of all percentage of the forest and semi natural areas is decrased %85,43 to %84,78
The NDVI results used in the study were obtained from Moderate Resolution Imaging Spectroradiometer (MODIS)
Terra. MODIS images are made up of 36 different spectral bands, with a spatial resolution of 250 m. The Normalized
Difference Vegetation Index (NDVI) calculation method is mainly based on the evaluation of near infrared (NIR) and
visible red (R) wave lengths in the electromagnetic spectrum.
The reflectance of the chlorophyll pigment contained in the vegetation is high in the the near infrared wavelength region
and low in the visible red wavelengths regions, allows a comparison to be made in this sense.
𝐍𝐍𝐃𝐃𝐕𝐕𝐈𝐈=(𝐍𝐍𝐈𝐈𝐑𝐑−𝐕𝐕𝐢𝐢𝐬𝐬𝐢𝐢𝐛𝐛𝐥𝐥𝐞𝐞 𝐑𝐑𝐞𝐞𝐝𝐝) / (𝐍𝐍𝐈𝐈𝐑𝐑+𝐕𝐕𝐢𝐢𝐬𝐬𝐢𝐢𝐛𝐛𝐥𝐥𝐞𝐞 𝐑𝐑𝐞𝐞𝐝𝐝)

The NDVI values were obtained monthly for 17 years (2000-2016) period. The aim here is to understand how NDVI
values change over the years. When the annual average changes in vegetation between 2000 and 2016 are examined, it
has been found that the increase in urbanization and agricultural activities spreads has caused in the decrease of
vegetation (figure 10). On the other hand, the relation of the summer forest fires experienced throughout the region and
the reduced vegetation areas should be studied separately.
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Figure 10. 2000 – 2016 Vegation change areas by using NDVI

RESULTS AND DISCUSSIONS
When the distribution of critical species detected in the region is evaluated together with the results of temperature
change, it is observed that most of the critical fish, insect, flora, bird, mammal and reptile species identified throughout
the Datca Peninsula are located in the central regions where the temperature has increased more than other parts of the
study area.
Moreover, the distribution of critical species detected in the region is evaluated together with the results of precipitation
change, It is observed that the critical species identified during Datca Peninsula, and especially the Datca Dates
(Anatolian Phoenix theophrasti groves), which is an endemic species, is located to the east of the peninsula, where
rainfall has increased relatively less.
When the distributions of critical species identified in the region are evaluated together with the results of vegetation
change, it is observed that the critical species identified during the Datca Peninsula and most importantly the Datca
Dates (Anatolian Phoenix theophrasti groves) propagation areas, have been dispersed in areas where plant existence has
decreased.

Figure 11. Distribution of critical species overlayed with the 2000 – 2016 Vegation changes
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The above mentioned methods were used to determine the impacts of climate change on biodiversity, to take measures
and to develop strategies which are needed to increase the adaptation capacity. In this context;
•

Sea-water temperatures and sea level changes in the world and Mediterranean scale,

•

At local scale, the temperature and precipitation data related to the area,

•

CORINE Land Cover data,

•

Normalied Difference Vegetation Index (NDVI) products,

have been investigated for the potential use to determine the possible effects of climate change on the Datca – Bozburun
SPA. Results showed that evaluated spatial data and spatial decision support tools have huge potential to construct
specific, measurable, achievable, realistic and timely strategies.
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