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Abstract  

With the developing technology and increasing population, cities are rapidly and unplanned 

growing around the world and therefore the natural environment and species are under threat. 

To eliminate the negative effects of this treatment, qualified tools and data are needed to make 

appropriate planning decisions. To benefit from the biotope maps, which are important data 

sources, they should be prepared rapidly in parallel with the speed of urbanization. Detection of 
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sensitive ecosystems in urban landscapes can be achieved by mapping biotopes. These maps are 

also important for the development, management, and continuity of ecological infrastructures. 

From this point of view, to obtain a biotope map that will be prepared for urban landscape 

planning, it is thought that the determination of the required biotope classes with indicator fauna 

elements may be more practical. In this study, the literature based on indicator fauna elements 

was examined and evaluated concerning urban landscape planning. As a result, it was 

determined that biotope maps, prepared based on indicator fauna elements, could be obtained 

rapid and qualified data.  
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1. Indicator Species 

Indicators are the determining tools and elements that represent the variables according to 

the purpose of the study and used to provide time and practicality to study when it is impossible 

to inventory and monitor all plant and animal taxa.  

The species with low tolerance and most easily affected by changes in ambient conditions 

are called indicator species (Chambers, 2008). Changes in the environment and the current state 

of the environment, biodiversity of ecosystems or habitats can be monitored with indicator 

species and they used to take precautions against ecological changes. This can provide data to 

management and protection plans (Pakkala et al., 2014; Siddig et al., 2016). 

Indicator species may vary according to the subject of the study. For example, studies on 

single species, such as habitat use or land-use models, should be on a closer scale such as the 

species presence, number, distribution, the aspect of the location, the relationship with humans 

and other living things, the slope of the land, soil structure, geology, etc. all biotic and abiotic 

factors studies are required. However, the studies carried out by regional development agencies 

such as EEA (European Environment Agency) on a higher scale, where a large number of 

species are handled together, are sufficient to consider only the abundance and distribution of 

indicator animal groups (European Environment Agency, 2019). 

Biotope indicators are the most sensitive species to changes in the habitat. It may be an 

animal species that require a specific plant species or there may be species groups that require 

different habitat types. For example, where the cabbage butterfly (Pieris brassicae) exists, we 

can understand that there are plants around the group of cabbage (Brassicaceae spp.), which are 
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the hosts of this butterfly, and the cabbage butterfly can be considered as an indicator of these 

plants. In the same way, since pine trees are the habitat of the bird called pine tit (Parus ater), 

pine tit is an indicator of pine groves and water birds are indicators of wetlands (Sözgen, 2019). 

Kutzenberger (2001), has approached animal ecology with a perspective of data 

constitute to landscape planning. In this context, the species belonging to the 6 indicator animal 

groups were listed and the relationship between the habitats of these species and their landscape 

use was revealed. Thus, he was able to identify characteristic cultural landscapes. These 

determinations allow to be classified according to important living environments and planned 

according to biodiversity criteria for a landscape. Compared to the detailed study of a single 

group of animals, handling more than one indicator group allows for a holistic assessment of 

animal communities. This assessment method also provides the emergence of the most 

representative indicator species. 

In this study, we hypothesize that it will be faster and easier to obtain data on plants and 

animal species for a biotope map for urban landscape plans in areas where indicator animal 

species are detected. 

 

2. Biotope Maps for Urban Landscape Planning 

 The most important task of landscape planning to nature protection; to conserve 

ecosystems that are worth conservation and landscape elements together with the plant and 

animal species they contain. The concept of biotope in landscape planning gains importance at 

this point. For successful landscape planning, it is necessary to determine the basic components 

of the landscape, namely biotopes, and to ensure that the relations between biotopes are in an 

optimum state. Three main approaches are adopted in preparing nature conservation plans that 

are closely related to biotopes. These are; the conservation of endangered plant and animal 

populations, the conservation of biotopes including communities and ecological processes, and 

in this way, the conservation of biologically and/or ecologically rich areas (Sarı Nayim, 2010). 

 To achieve an ecologically functional landscape; biotopes should be protected with the 

species and genetic diversity they contain. By mapping, ecologically important biotopes required 

sensitive ecosystems are determined for nature conservation and the development, management, 

and continuity of ecological infrastructure can be provided by protected area methods (Forman, 

1995). 
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 The main concern of nature protection is the conservation of species and biotopes. 

According to this; Biotope mapping of habitats created by natural and cultural landscapes for 

species has an important place in conserving biological diversity by creating an ecological base 

that will shed light on many issues (Güngöroğlu et al., 2008). 

 Especially sensitive biotopes (dune, wetland biotopes, and pseudomaki formation 

biotopes) are adversely affected by landscape changes that tend to be urbanized (Aksu, 2012). 

Therefore, it is necessary to determine the important habitats on the biotope scale of the area to 

be planned at first. 

 Biotope mapping is the identification and characterization of habitats. The most 

important issue to be considered in urban landscape planning studies is to protect biodiversity by 

ensuring the sustainability of natural species in the planning region. Thus, the habitat 

requirement for the fauna and flora of the city is provided, as other living creatures will also have 

the opportunity to live (City nature project, 2019). 

 Biotope mapping studies, which are important for ensuring the sustainability of the urban 

ecosystem, are used extensively in planning studies (Gürkan, 2016; Löfvenhaft et al., 2002; Lu 

and Wang, 2018; Mansuroğlu et al., 2006; Sukopp and Weiler, 1988; Yılmaz et al., 2010). 

 

3. Fauna Elements as Biotope Indicators 

 Fauna elements, which are the main elements of biodiversity and consist of animal 

species, need to move in the environment in which they live in. This need arises from the 

diversity of the factors that compose the living environment. Variation of variables in the 

environment constitutes the priority of the variables that should be obtained for the studies on the 

habitats of wild animals. Plants, which are the most affected variable among habitat factors, 

come to the forefront in determining habitat preferences of animal species. In particular, the 

distribution of plant species also plays an important role in the field choice of animals. (Süel et 

al., 2013). 

 Some fauna elements can be explained by giving examples from the literature about the 

indicated biotopes. González-Valdivia et al. (2011), identified ecological indicators of habitat 

and biodiversity in a Neotropic landscape (in Central and South America). For this purpose, they 

identified indicator types of different taxa characterizing different landscape units and revealed 

how management changed the composition of species. In the study, two groups of animals were 
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identified, one of them is a tropical rain forest with a natural landscape and the other an 

agricultural area with a cultural landscape. The presence of fauna elements among the areas, 218 

bird species, 74 butterfly species and 50 gastropods (snails, etc.) were identified. Among these, 

10 birds, 4 butterflies, and 8 gastropod species were found to be indicators of forest habitat and 

28 birds, 10 butterflies, and 2 gastropod species were found to be characteristic for agricultural 

areas. They stated in the conclusion that the use of indicator species to characterize specific 

ecological areas has great importance in conservation/restoration biology. 

 It is a known fact that there is a positive relationship between the abundance of bird 

species and increasing the distance to the urban center. The great tit (Parus major) is considered 

as an indicator of urban forests (Sanesi et al., 2009). Tits are birds living in both forest and 

maquis type habitats (Riddington and Gosler, 1995; Redhead et al., 2013). Rock pigeon 

(Columba livia), small dove (Streptopelia senegalensis), sparrow (Passer domesticus), carrion 

crow (Corvus corone), swift (Apus apus) are urban exploiters seen in highly urbanized areas 

(Kark et al., 2007). Censuses of swifts (Apus apus, Apus melba, and Apus pallidus) are very 

difficult because they are very mobile. If they are examined in terms of abundance in the areas 

they are considered as urban exploiters (Herrando et al., 2012). Starlings (Sturnus vulgaris) were 

found in urban-suburban areas and open green recreation areas with cavities for nesting (Blair, 

1996). Gulls (Larus spp.) and people often share common habitats, and increasing gulls occupy 

urban areas. The population growth of gulls is directly or indirectly related to the increase in the 

availability of food sourced from human activities. With the increase of artificial foods, the 

fertility of gulls increased and mortality rates decreased. Gulls seem to have excessive abundance 

as a result of their opportunistic and sociable nature, which makes them highly adaptable to 

living in human-changed habitats. Gulls are well adapted to nesting human-made structures such 

as roofs (Hatch, 1996; Smith, 1992; Vidal et al., 1998). Magpie (Pica pica) has adapted to the 

urban and they are seen more in urban areas than in rural areas even they are considered urban 

exploiters (Jokimäki et al., 2017; Tatner, 1982). Jay (Garrulus glandarius) may be an indicator 

of a forest ecosystem because the adaptability of this species is high in a forest ecosystem 

organized of oak species or predominantly in oak species (Belabed et al., 2017). In Figure 1, an 

example of the bird species seen in the urban landscape biotope types is given. 
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Figure 1: A Schematic Example for Bird Species Seen in the Urban Landscape Biotope Types 

 

Biotopes are habitats of more than one species. Species can use different biotopes as long 

as they provide the habitat they need and can live in a common biotope with different species. 

Additionally, Passeriformes species in an area are considered as a robust indicator of 

environmental change in habitat (Tabur, 2014). 

The abundance of mammal species decreases in open areas around the settlement and the 

habitats near buildings, but increases in areas with a height of 21-50 cm vegetation from the 

ground. This is due to pollution, human influences and disturbance or hunting by domestic 

animals. Accordingly, it is possible to say that the areas directly or indirectly under human 

influence are weak in terms of mammal species abundance (Dickman, 1987). Plant types 

preferred by some of the wild mammal species are given in Table 1. 

 

 

 

 

 

 

Highly Urbanized Areas 

 Columba livia, Streptopelia 
senegalensis, Passer 

domesticus, Corvus corone, 
Apus apus, Sturnus vulgaris, 

Larus spp., Apus spp.  

Urban Forest Areas 

Dendrocopos spp., 
Upupa epops, 

Garrulus glandarius, 
Parus major, Sturnus 

vulgaris 

Grove and 
Recreational Areas 

Corvus corone, 
Garrulus glandarius, 
Parus major, Sturnus 

vulgaris, Columba 
livia, Pica pica, 

Psittacula krameri 

Recreational Areas With 
Water Surfaces 

Larus spp., Phalacrocorax 
spp., Anser spp., Anas 

spp., Aythya spp., Cygnus 
spp. 
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Table 1: Plant Species preferred by Some Wild Animals (Tabulated according to Oğurlu and 

Aksan (2013)) 

Fauna Element Preferred Plant Species 

Wild Boar Sus scrofa 
Storax Sytrax officinalis 

Hare Lepus capensis 

Badger Meles meles 
Terebinth Pistacia terebinthus L. 

Hare Lepus capensis 

Beech Marten Martes fonia L. Daphne Daphne serisian Vahl 

Beech Marten Martes fonia L. 
Phillyrea Phillyrea latifolia L. 

Hare Lepus capensis 

 

 Another group of indicator species is butterflies. Smaller butterflies with less mobility are 

excellent indicators of environmental changes and urbanization caused by human-regulated 

landscapes than large butterfly species which are migrating over long distances. Butterfly 

diversity can serve as a representative for plant diversity because butterflies are often directly 

dependent on plants. In a study conducted in Sapporo, Japan in 1977, it was concluded that 

urbanization caused a general decrease in butterfly fauna, and in 1986 and 1992 in Porto Alegre, 

Brazil, it was determined that butterflies decreased both in species and individuals. The study 

showed that while butterfly species richness peaked in moderately pristine regions, the relative 

abundance was reduced from natural areas to urban areas, and the butterfly species thought to 

represent the original natural environment (butterfly fauna which has already developed) most 

gradually disappeared as the environment became urban (Blair and Launer, 1997). The sizes of 

butterflies seen in urban areas vary according to their habitat dimensions. Since the habitat of 

small butterflies is narrower than large butterflies, the habitat they need is more pronounced. 

Therefore, small butterflies are better indicators than large butterflies (Kutzenberger, 2001; 

Kuussaari et al. 2014). 

 Gehrt and Chelsvig (2008) followed bat activity in natural areas, spread over 3,500 

square kilometers, covering the Chicago metropolitan area in northeastern Illinois, USA. In 

conclusion, it has been reported that mowed areas in open habitats, has more bat activity than 
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agricultural areas, even though the relationship between urbanization and bats may vary 

according to environmental conditions, heterogeneous urban landscapes may represent the 

habitats of some bats in larger areas which are predominant or dominated by intensive farming. 

 There are other studies (Mert and Yalçınkaya, 2017; Sebastián-González and Green, 

2013; Süel et al., 2017; Vielliard, 2000) intended for various landscapes related to indicator 

fauna elements.  

 

4. A Biotope Map Based on Indicator Fauna Elements 

 Interdisciplinary handling the study of biotope mapping, enables more qualified results to 

be reached in a short time. Remote sensing technology makes important contributions in this 

sense (Güngöroğlu et al., 2008).  

 Within the scope of work no. 4 of the research project carried out within Besiktas district 

of Istanbul, habitats that will be used as reference for the first level biotope classification in 

approximately 1800 hectares of area (Besiktas district) have been identified by reference to 

indicator animal groups and these habitats have been classified in 1 / 10,000 scale map was 

obtained (Aksu et al., 2017). 

 This study was conducted for landscape planning at the district level. Animal species 

were identified in the research area from previous observations and literature. Then indicator 

species groups (birds, mammals, reptiles, and butterflies) were selected among these species. 

Afterward, layers were obtained by remote sensing from high-resolution satellite images and 

biotope classes were determined according to indicator fauna groups. 19 test points that could 

represent 14 different biotope classes (buildings, groves, cemeteries, parks, gardens, water 

surfaces, refuges, etc.) were identified and observations were made at these points to confirm the 

literature findings. The biotope map was obtained by classifying the habitats formed from the 

layers obtained from remote sensing and field observation findings (Figure 2). 
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Figure 2: Biotope Map of Besiktas District (Aksu and Küçük, 2018) 

 

5. Conclusion and Suggestions 

 Biotope mapping is an effective tool for evaluating different landscapes. Therefore, it is 

necessary to determine the important habitats on the biotope scale while preparing the landscape 

plans. However, studies on biotope mapping generally focus on vegetation types. Besides, 

identifying cultural landscapes based on animal groups and species is an important basis for local 

landscape planning and landscape maintenance as it provides information in less time. The 

relationships between biotopes determined by this method also constitute an important basis for 

evaluations at a regional scale (Kutzenberger, 1998). This approach, obtaining biotope maps 

more practical, efficient and applicable, makes biotope mapping based on indicator animal 

groups particularly attractive for planning studies. 

 The existence of animals that can adapt to the ecological conditions in the urban areas 

constitutes the urban fauna. Each fauna element provides information about vegetation because 
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the plant species that urban fauna elements needed are predetermined. In addition, biotope 

classes in anthropogenic structures such as buildings, building gardens, refuges, water surfaces, 

etc. also constitute habitats for different animal groups. For example, tiles and unused chimneys 

on the roofs of buildings create suitable habitats for some birds, building gardens again for some 

birds, reptiles and mammals, water areas for amphibians, reptiles and birds, even refuges for 

birds and mammals, especially butterflies.  

 Green areas that have survived to the present day in urban areas and pristine natural 

landscape areas in the vicinity of the urban are the shelter of indicator species. However, other 

stress factors such as human interventions in the habitats of the species, the dominance of the 

invasive species in the habitats of the natural species, competition and noise causes the loss of 

indicator species and biodiversity. The effects of environmental pressures on humans and 

animals are similar. Even if the primary effects are the same, the secondary effects are vital to 

the animals (Erbesler Ayaşlıgil and Sözgen, 2019). Conservation of urban green spaces, 

revitalization of natural plant species in degraded areas and the creation of environments suitable 

for biodiversity in the urban landscape will enable more bird and plant species to live.  

 If biological ponds are integrated into green areas, there will be a great improvement in 

biodiversity as there will be new species (such as microorganisms, aquatic fungi, 

macroinvertebrates, fishes) thanks to the new aquatic ecosystem (Benzina and Bachir, 2018; 

Sharma, 2016). 

 Since biotope maps in landscape planning studies aim to identify and characterize the 

habitats of living things, the indicators should be selected from living species or species groups. 

Some groups of animals are important and effective indicators of their habitats. Based on these 

indicator groups, it is possible to make determinations and interpretations about living 

environments in many scales expeditiously. This form of assessment also provides important 

information about the indicator species of the nutrient source, reproduction, and the plants, 

namely the floristic structure, that have shelter according to the situation. It is possible to identify 

these indicator species and interpret biotopes with the observation technique. 

 Indicator fauna groups are used for a biotope map based on indicator animal species 

(butterflies, reptiles, mammals, songbirds, birds of prey, waterfowl, etc.). In line with the 

ecological needs of these groups, the biotope classes of the biotope map to determine and 

characterize the habitats can be determined. The creation of biotope maps is based on the habitats 
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of these groups rather than focusing on individual species. The prepared maps are such as to be 

data in the management and design processes of landscape planning. 

 Although biotope maps are important ecological data that can be used in many studies, 

which significantly increases the success of landscape plans, long-term studies are required to 

prepare them based on vegetation. However, as there are regions that are rapidly urbanizing 

today, it is necessary to obtain the plan data in the fastest way and create current plans. To 

achieve this, biotope maps should be prepared faster. Since indicator animals provide sufficient 

information about vegetation, biotope maps can meet the need for ecological data in accordance 

with the speed of urbanization. 

Kutzenberger's (2001) research also shows that besides the vegetation types as indicator 

species, the efficient use of indicator animal species and their communities yields more practical 

and healthy results in the identification of cultural landscapes and revealing the relationship of 

these landscapes with each other. Therefore, when landscape planning is considered in a holistic 

approach, the habitats and relationships in a fragmented area need to be revealed in a detailed but 

practical manner with each other. Rather than focusing on all plant and animal species with their 

habitats, the basic characteristics of the landscape should be put forward and planned considering 

these indicative species. 

In practical applications aimed at catching up with the speed of urbanization, it is almost 

impossible to inventory and monitors all taxa of plants. Indicator animal species or species 

groups may provide data for ecological landscape planning in conjunction with plant species. 

 It is both easier and faster to use indicator animal species to determine the existing 

biotope classes when making urban landscape plans. Since the selection of indicator animals 

from different groups will be indicative of different nutrients and shelter, it represents both the 

biodiversity and habitats of the research area. 

In the future, biotope maps created in a short time can be used in various studies, 

especially in planning and design studies for rapidly urbanizing cities, depending on the scale of 

the study to be performed. By examining the perception of the indicator fauna group based on 

the indicator species, more detailed studies can be carried out for specific and sensitive uses. 

 

 

 



LIFE: International Journal of Health and Life-Sciences               

ISSN 2454-5872  

   

 89 

Acknowledgments 

This work was supported by “Istanbul-Besiktas District an Ecological Planning Approach 

for an Urban Landscape Plan and Implementation Strategy (114O341-TOVAG-TUBITAK)” 

project and YAPKO of Istanbul Commerce University. We are grateful to TUBITAK and 

YAPKO for their support. 

 

References 

Aksu, G. A. (2012). Analysis of Landscape Changes: A Case Study in Istanbul, Sariyer 

(Doctoral Thesis), Istanbul University (In Turkish) 

Aksu, G.A., Musaoğlu, N., Oğurlu, İ., Sözgen, Ö.T., Küçük, N., Canatanoğlu, E. (2017). Urban 

Landscape Plan and Implementation Strategy with Ecological Planning Approach, 

İstanbul-Beşiktaş District, Work Package No 4 (Biotope Mapping Based on Indicator 

Animal Groups) Project No: 114-O-341, TÜBİTAK 3501, Project Summary (In Turkish) 

Aksu, G. A. ve Küçük, N. (2018). Evaluation of urban topography-biotope-population density 

relations for Istanbul-Beşiktaş urban landscape using AHP. Environment, Development, 

and Sustainability, Springer Nature B.V.  Retrieved 10 November, 2019, from 

https://link.springer.com/article/10.1007/s10668-018-0217-9 

https://doi.org/10.1007/s10668-018-0217-9 

Belabed, A. I., Lebnaoui, S., Bouden, M. C., Brahmi C. E. And Belabed-Zediri H. (2017). The 

Use Of a Bird Species As A Biondicator: The Case Of Eurasian Jay (Garrulus 

glandarius). Journal of Advanced Zoology, 38(2), 140-153. 

Benzina, I., & Bachir, A. S. (2018). Diversity Of Benthic Macroinvertebrates And Streams 

Quality In The National Park Of Belezma (Northern-East, Algeria). LIFE: International 

Journal of Health and Life-Sciences, 4(1), 1-18. 

https://doi.org/10.20319/lijhls.2018.41.0118 

Blair, R. B. (1996). Land Use and Avian Species Diversity along an Urban Gradient. Ecological 

Applications, 6 (2), 506-519. https://doi.org/10.2307/2269387 

Blair, R. B. and Launer, A. E. (1997). Butterfly Diversity And Human Land Use: Species 

Assemblages Along An Urban Gradient. Elsevier Science, Biological Conservation, 80, 

113-125. https://doi.org/10.1016/S0006-3207(96)00056-0 

https://link.springer.com/article/10.1007/s10668-018-0217-9
https://doi.org/10.1007/s10668-018-0217-9
https://doi.org/10.20319/lijhls.2018.41.0118
https://doi.org/10.2307/2269387
https://doi.org/10.1016/S0006-3207(96)00056-0


LIFE: International Journal of Health and Life-Sciences               

ISSN 2454-5872  

   

 90 

Chambers, S.A. (2008). Birds as Environmental Indicators: Review of Literature. Parks Victoria 

Technical Series No. 55, Parks Victoria, Melbourne. 

City nature project. (2019). City nature project website. Retrieved 4 February, 2020, from 

https://en.city-nature.eu/ 

Dickman, C. R. (1987). Habitat Fragmentation and Vertebrate Species Richness in an Urban 

Environment. The Journal of Applied Ecology, 24(2), 337-351. 

https://doi.org/10.2307/2403879 

European environment agency. (2019). Abundance and distribution of selected species, Indicator 

Assessment. Retrieved 4 February, 2020, from https://www.eea.europa.eu/data-and-

maps/indicators/abundance-and-distribution-of-selected-species-7/assessment  

Erbesler Ayaşlıgil, T., Sözgen, Ö.T. (2019). Importance Of Indicator Species In Sustainability Of 

Biodiversity In Urban Ecosystems. In 2nd International Mersin Symposium, (pp. 218-

220). Mersin. 

Forman, R.T.T. (1995). Land Mosaics. Cambridge: Cambridge University Press. 

https://doi.org/10.1017/9781107050327 

Gehrt S.D., Chelsvig J.E. (2008). Bat Activity in an Urban Landscape: Patterns at the Landscape 

and Microhabitat Scale. In Marzluff et al (Eds), Urban Ecology (pp. 437-454). Boston, 

MA: Springer. https://doi.org/10.1007/978-0-387-73412-5_29 

González-Valdivia N, Ochoa-Gaona S, Pozo C, Ferguson BG, Rangel-Ruiz LJ, Arriaga-Weiss 

SL, Ponce-Mendoza A, Kampichler C. (2011). Ecological indicators of habitat and 

biodiversity in a Neotropical landscape: multitaxonomic perspective. Revista de biologia 

tropical, 59 (3): 1433-1451. 

Güngöroğlu, C., Musaoğlu, N., Türkkan, M., Yöntem, O., Yılmaztürk, A., Çayır, G. (2008). 

Classification and Mapping of Biotope Types Using GIS-Assisted Remote Sensing 

Techniques (Example of Köprülü Canyon National Park). Vol: 039, Technical Bulletin 

No: 31, ISSN : 1302-3624 (In Turkish). 

Gürkan, A. (2016). Biotope mapping in an urban environment for sustainable urban development 

- a case study in southern part of Turkey. Applied Ecology And Environmental Research 

14(4), 493-504. https://doi.org/10.15666/aeer/1404_493504 

Hatch J.J. (1996). Threats to public health from gulls (Laridae), International Journal of 

Environmental Health Research, 6(1), 5-16. https://doi.org/10.1080/09603129609356867 

https://doi.org/10.2307/2403879
https://doi.org/10.1017/9781107050327
https://doi.org/10.1007/978-0-387-73412-5_29
https://doi.org/10.15666/aeer/1404_493504
https://doi.org/10.1080/09603129609356867


LIFE: International Journal of Health and Life-Sciences               

ISSN 2454-5872  

   

 91 

Herrando, S., Weiserbs, A., Quesada, J., Ferrer X. and Paquet J.–Y. (2012). Development of 

urban bird indicators using data from monitoring schemes in two large European cities, 

Animal Biodiversity and Conservation, 35(1), 141–150. 

Jokimäki, J., Suhonen, J., Vuorisalo T., Kövér L. and Kaisanlahti-Jokimäki M.L. (2017). 

Urbanization and nest-site selection of the Black-billed Magpie (Pica pica) populations in 

two Finnish cities: From a persecuted species to an urban exploiter, Landscape and Urban 

Planning, 157, 577–585. https://doi.org/10.1016/j.landurbplan.2016.08.001 

Kark, S., Iwaniuk, A., Schalimtzek, A. and Banker, E. (2007). Living in the city: can anyone 

become an “urban exploiter”?. Journal of Biogeography, 34, 638–

651.  https://doi.org/10.1111/j.1365-2699.2006.01638.x 

Kutzenberger, H. (1998). Animal ecology and landscape planning, pilot project in the context of 

cultural landscape research. Volume 3, Research Area Cultural Landscape, Federal 

Ministry of Science and Transport, Vienna (In German). 

Kutzenberger, H. (2001). Animal Ecological Characterization of Cultural Landscapes as a Basis 

for Landscape Planning, (Doctoral Dissertation), University of Natural Resources and 

Applied Life Sciences, Vienna (In German). 

Kuussaari M., Saarinen M., Korpela E., Pöyry J. and Hyvönen T. (2014). Higher mobility of 

butterflies than moths connected to habitat suitability and body size in a release 

experiment. Ecology and Evolution Journal, 4(19), 3800–3811, 

https://doi.org/10.1002/ece3.1187 

Löfvenhaft, K., Björn, C., Ihse, M. (2002). Biotope patterns in urban areas: A conceptual model 

integrating biodiversity issues in spatial planning, Landscape and Urban Planning, 58, 

223–240 https://doi.org/10.1016/S0169-2046(01)00223-7 

Lu, X., & Wang, X. (2018). A Methodological Study of Biotope Mapping in Urban Areas: Case 

of Xuanwu District, Nanjing City, China, 19th annual International Conference on 

Information Technology in Landscape Architecture, 208-216, Freising / Munich, 

Germany.  

Mansuroğlu S., Ortaçeşme V. and Karagüzel O. (2006). Biotope mapping in an urban 

environment and its implications for urban management in Turkey, Journal of 

Environmental Management, 81(3), 175-187. 

https://doi.org/10.1016/j.jenvman.2005.10.008 

https://doi.org/10.1016/j.landurbplan.2016.08.001
https://doi.org/10.1111/j.1365-2699.2006.01638.x
https://doi.org/10.1002/ece3.1187
https://doi.org/10.1016/S0169-2046(01)00223-7
https://doi.org/10.1016/j.jenvman.2005.10.008


LIFE: International Journal of Health and Life-Sciences               

ISSN 2454-5872  

   

 92 

Mert, A. and Yalçınkaya, B. (2017). “Relationship between some wild mammals and forest 

structural diversity parameters”, Journal of Environmental Biology, 38(5), 879-883. 

https://doi.org/10.22438/jeb/38/5(SI)/GM-02 

Oğurlu İ. (1997). Habitat Use and Food Habits of Brown Hare (Lepus europaeus (Pallas)) in a 

Woodland. Turkish Journal of Zoology, 21(565), 381-398. (In Turkish) 

Oğurlu İ., Aksan Ş. (2013). Determination of indicator woody plant species for potential habitats 

of some wild mammalian species. Turkish Journal of Forestry, 14, 81-87, 

http://dergipark.ulakbim.gov.tr/sduofd/article/view/1089003450/1089003349 

Pakkala, T., Lindén, A., Tiainen, J., Tomppo, E. and Kouki, J. (2014). Indicators of forest 

biodiversity: which bird species predict high breeding bird assemblage diversity in boreal 

forests at multiple spatial scales?. Annales Zoologici Fennici, 51, 457–476. 

https://doi.org/10.5735/086.051.0501 

Redhead, J.W., Pywell, R.F., Bellamy, P.E., Broughton, R.K., Hill, R.A. and Hinsley, S.A. 

(2013). Great tits Parus major and blue tits Cyanistes caeruleus as indicators of agri-

environmental habitat quality. Agriculture, Ecosystems and Environment, 178, 31-38. 

https://doi.org/10.1016/j.agee.2013.06.015 

Riddington, R & Gosler, A.G. (1995). Differences in reproductive success and parental qualities 

between habitats in the great tit Parus major. Ibis International Journal of Avian Science, 

137(3), 371-378.  https://doi.org/10.1111/j.1474-919X.1995.tb08035.x 

Sanesi G., Padoa-Schioppa E., Lorusso L., Bottoni L. and Lafortezza R. (2009). Avian 

Ecological Diversity as an Indicator of Urban Forest Functionality. Results from Two 

Case Studies in Northern and Southern Italy. Arboriculture & Urban Forestry, 35(2), 80–

86. 

Sarı Nayim, Y. (2010). Mapping of the Important Biotopes Located Between Amasra-Inkum 

(Bartın), (Doctoral Thesis), Istanbul University (In Turkish). 

Sebastián-González, E. and Green, A. J. (2013). Habitat Use by Waterbirds in Relation to Pond 

Size, Water Depth, and Isolation: Lessons from a Restoration in Southern Spain. 

Restoration Ecology, 22(3), 311–318. https://doi.org/10.1111/rec.12078 

Sharma, K. (2016). Diversity Of Aquatic Fungi In Different Ponds Of Raipur, Chhattisgarh, 

India. LIFE: International Journal of Health and Life-Sciences, 2(1), 1-4. 

https://doi.org/10.20319/lijhls.2016.21.0104 

https://doi.org/10.22438/jeb/38/5(SI)/GM-02
http://dergipark.ulakbim.gov.tr/sduofd/article/view/1089003450/1089003349
https://doi.org/10.5735/086.051.0501
https://doi.org/10.1016/j.agee.2013.06.015
https://doi.org/10.1111/j.1474-919X.1995.tb08035.x
https://doi.org/10.1111/rec.12078
https://doi.org/10.20319/lijhls.2016.21.0104


LIFE: International Journal of Health and Life-Sciences               

ISSN 2454-5872  

   

 93 

Siddig, A.A.H., Ellison, A.M., Ochs, A., Villar-Leeman, C., Lau, M.K. (2016). How do 

ecologists select and use indicator species to monitor ecological change? Insights from 14 

years of publication in Ecological Indicators. Ecological Indicators, 60, 223-230. 

https://doi.org/10.1016/j.ecolind.2015.06.036 

Sukopp, H., Weiler, S. (1988). Biotope mapping and nature conservation strategies in urban 

areas of the Federal Republic of Germany, Landscape and Urban Planning, vol.15, 39-58. 

https://doi.org/10.1016/0169-2046(88)90015-1 

Smith, G.C. (1992). Silver Gulls And Emerging Problems From Increasing Abundance, Corella, 

16(2), 39 – 46. 

Sözgen, Ö. T. (2019). Examining The Sustainability Of Indicator Species In The Context Of 

Urban Landscape Planning: Yildiz Grove Case. Master of Science Thesis, Yildiz 

Technical Unıversıty, Istanbul (In Turkish). 

Süel, H., Ertuğrul, E.T., Aksan, Ş., Ünal, Y., Akdemir, D., Cengiz, G., Bayrak, H., Ersin, M.Ö., 

Oğurlu, İ., Özkan, K. and Özdemir İ. (2013). Indicator Species of Habitat Preferences to 

Wildlife Animals in Köprüçay District. In 3rd International Geography Symposium, 

pp.553-565, ISBN: 978-605-62253-8-3, Antalya. 

Süel, H., Yalçınkaya and B., Mert, A. (2017). Indicator species analysis of some wild mammals; 

A case study of Ağlasun. In International Symposium on New Horizons in Forestry 

(ISFOR2017), (p. 211) Isparta. https://doi.org/10.18182/tjf.357236 

Tabur, M. A. (2014). Birds of Ihlara Valley (Aksaray). Erciyes University Journal of the Institute 

of Science and Technology, 30(3), 162-173 (In Turkish) 

Tatner, P. (1982). Factors influencing the distribution of Magpies Pica pica in an urban 

environment, Bird Study, 29(3), 227-234. https://doi.org/10.1080/00063658209476763 

Vidal, E., Frederic M. and Tatoni T. (1998). Is The Yellow-Legged Gull A Superabundant Bird 

Species In The Mediterranean? Impact On Fauna And Flora, Conservation Measures And 

Research Priorities, Biodiversity and Conservation, 7, 1013-1026. 

https://doi.org/10.1023/A:1008805030578 

Vielliard, J. M. E. (2000). Bird community as an indicator of biodiversity: Results from 

quantitative surveys in Brazil, Anais da Academia Brasileira de Ciências, 72(3), 323-330.  

https://doi.org/10.1590/S0001-37652000000300006 

https://doi.org/10.1016/j.ecolind.2015.06.036
https://doi.org/10.1016/0169-2046(88)90015-1
https://doi.org/10.18182/tjf.357236
https://doi.org/10.1080/00063658209476763
https://doi.org/10.1023/A:1008805030578
https://doi.org/10.1590/S0001-37652000000300006


LIFE: International Journal of Health and Life-Sciences               

ISSN 2454-5872  

   

 94 

Yılmaz, B., Gülez, S., Kaya, L.G. (2010). Mapping of biotopes in urban areas: A case study of 

the city of Bartın and its environs, Turkey, Scientific Research and Essays, 5(4), 352-365. 

 

 

 


