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ABSTRACT

AN APPRAISAL OF BIODIVERSITY MONITORING IN TURKEY WITHIN
THE FRAMEWORK OF ESSENTIAL BIODIVERSITY VARIABLES

Demirbas Caglayan, Semiha
DOCTOR OF PHILOSOPHY, Earth System Science
Supervisor: Prof. Dr. C. Can Bilgin
Co-Supervisor: Dr. Ugur S. Zeydanl

September 2020, 305 pages

The survival of species, habitats, ecosystems and thus the welfare of humankind are
increasingly under threat due to adverse effects of land use change, overexploitation,
pollution, invasive species and climate change. Monitoring biodiversity,
understanding environmental responses and analyzing trends enable us to develop
urgent actions for combatting biodiversity decline, and to improve policies to cope

with these global challenges.

Biodiversity observation has a long history. However the dispersed structure of
knowledge, uneven distribution of existing data, and the lack of coordination between
nations hamper effective harmonization. Furthermore, promising technological
improvements and open source resources extend the biodiversity data landscape.
Essential Biodiversity Variables (EBVs) which are a set of indicators for the
standardized surveillance of biodiversity change, were developed by the Group on
Earth Observations Biodiversity Observation Network in 2013 for interoperability of
data.

In this study, | explored the suitability of EBVS, considering the accumulated
academic knowledge and the existing monitoring expertise in Turkey. By assessing
the status of biodiversity monitoring, | identify spatial, temporal, taxonomic gaps.
Then, a feasibility methodology was developed to prioritize the EBVs. Remote

sensing plays a significant role in ecosystem monitoring globally as it is cheap, easily



accessible, highly accurate and provides long term data delivery. However the
utilization of this technology is not yet sufficient at the national level. | also
demonstrate an example of using remotely sensed data in habitat mapping for
monitoring purposes. | executed this study in sparse Mediterranean forests where
several anthropogenic factors together with fires and droughts are shaping the

ecosystem structure and composition.

Keywords: Biodiversity monitoring, Essential Biodiversity Variables (EBVS),
Remote Sensing, Random Forest, Biological diversity
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TURKIYE’DE BiYOCESITLILIK iZLEME CALISMALARININ TEMEL
BiYOCESITLILIK DEGISKENLERI CERCEVESINDE
DEGERLENDIRILMESI

Demirbas Caglayan, Semiha
Doktora, Yer Sistem Bilimleri
Tez Danigmant: Prof. Dr. C. Can Bilgin
Ortak Tez Danismani: Dr. Ugur S. Zeydanl

Eyliil 2020, 305 sayfa

Tiirlerin, habitatlarin, ekosistemlerin varligr ve buna bagl insanligin refahi; arazi
kullanim sekillerinin degismesi, asir1 tiiketim, kirlilik, istilact tiirler ve iklim
degisikligi nedeniyle giderek daha fazla tehdit edilmektedir. Biyogesitliligin
izlenmesi, ¢evresel tepkileri anlamay1 ve egilimleri analiz etmeyi, biyogesitlilik
kaybiyla miicadele etmek i¢in acil eylemler gelistirmemizi ve bu kiiresel zorluklarla

basa ¢ikmak i¢in politikalari iyilestirmemize olanak tanir.

Biyogesitliligi izlemenin uzun bir tarihi vardir. Ancak, mevcut bilginin daginik yapisi,
verilerin adil olmayan dagilimi ve iilkeler arasindaki koordinasyon eksikligi, bu
bilgilerin etkili bir sekilde uyumlastirilmasini engellemektedir. Ayrica, gelecek vaat
eden teknolojik gelismeler ve acik kaynaklar, biyogesitlilik veri ortamini
genisletmektedir. Temel Biyogesitlilik Degiskenleri (TBD), biyogesitlilik
gozlemlerinin standartlagtirilmasi ve verininin islerligini saglamak i¢in 2013 yilinda

Yeryiizli Gozlem Grubu Biyogesitlilik Gozlem Agi tarafindan gelistirilmistir.

Bu arastirmada, Tirkiye'deki akademik bilgi birikimi ve mevcut izleme uzmanlhigini
g6z oniinde bulundurarak TBD'lerin uygunlugu aragtirmistir. Biyogesitlilik izlemenin
durumunu degerlendirmis; mekansal, zamansal, taksonomik bogluklar belirlenmistir.
Ardindan, TBD'lere dncelik vermek i¢in bir fizibilite metodolojisi gelistirilmistir.
Uzaktan algilama; ucuz, kolay erisilebilir, son derece dogru ve uzun vadeli veri

dagitimi sagladig1r icin kiiresel diizeyde ekosistem izlemede Onemli bir rol
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oynamaktadir. Ancak bu teknolojinin ulusal diizeyde kullanim1 heniiz yeterli degildir.
Bu nedenle ayrica, uzaktan algilama verilerinin habitat haritalamasinda izleme amagli
kullanimina bir &rnek sunulmustur. Ornek ¢alisma cesitli antropojenik faktdrlerin yani
sira yangin ve kurakligin ekosistem yapisini ve kompozisyonunu sekillendirdigi

seyrek Akdeniz ormanlarinda gerceklestirmistir.

Anahtar Kelimeler: Biyogesitlilik izleme, Temel Biyogesitlilik Degiskenleri (TBD),
Uzaktan Algilama, Rastgele degiskenler, Biyolojik cesitlilik

viii



To my north star, mum; Yildiz Demirbas



ACKNOWLEDGEMENTS

| first and foremost wish to express my deepest gratitude to my supervisor Prof. Dr.
C. Can Bilgin for his support, his wisdom and expertise in ecology guided me in this
study. | want to thank my co-supervisor Dr. Ugur Zeydanli for his encouragements
and patience that cannot be underestimated. | want to emphasize my gratitude to
Assoc. Prof. Dr. Ugur Murat Leloglu for spending long hours for fruitful discussions,
his contributions to this study are way ahead of a monitoring committee member. |
would like to express my sincere thanks to Assoc. Prof. Dr. Oguz Kurdoglu for
encouraging my initiation to go on a science journey, supporting me since MSc. |
want to extend my special thanks to Prof. Dr. Zeki Kaya and Assist. Prof. Dr. Evrim

Karagetin Bell for constructive comments to make this dissertation better.

| am extremely grateful to Prof. Dr. Felix Kienast for hosting me in Swiss Federal
Institute for Forest, Snow and Landscape Research WSL. He has inspired me in
many aspects and enlarged my point of view with critical guidance. I am also
thankful to my advisors in WSL; Christian Ginzler, Achilleas Psomas and Lars

Waser, it has been a privilege to study with you.

I particularly appreciate Dr. Ayse Turak, her huge support in my career exceeds the
limits of this study, and her skeptical thinking has become a part of my thinking
process. I would like to thank to Dr. Ozge Balkiz and Yildiray Lise for sharing their
experiences and supporting me whenever | needed. | truly appreciate the patience
and great support of my colleagues in DKM especially Dr. Tuba Bucak, and Gelincik
Bilgin for bearing with me, I always felt your unprecedented support.

| am very fortunate to meet with wonderful ESS women and share the joy behind
science with Ozge, Selin, Ilknur and Canet. | am also very grateful to meet with
extraordinary academics of ESS especially Prof. Dr. Aysen Yilmaz and Dr. Bora

Kat, | thank for your kindness and great support.



And my dearest friends either scientifically or spiritually you can find your trace of
support and encouragement between the lines: Nihan Siriklioglu, Gokgen Kunter,
Duygu Toprak, Lara Aysal, Cansu Cetin, Zeynep Sariaslan, Irem Tiifekcioglu, Giilin
Ozdemir, Hazal Sariaslan, Melda Sentiirk, Emre Can, Hakan Alphan, Cigdem
Coskun Hepcan, Ekin Oktay, Aydan Ozkil, Mustafa Durmus, Pinar Pamukgu, ismail
Bekar, Mahsa Bazrafshan, Marius Riietschi and Kilian Glaus.

It is almost impossible to express my deepest gratitude to my beloved ones, my
daughter Nar and my husband Eray, it wouldn’t be possible to finish this dissertation
without your boundless love and support. My parents Y1ildiz and Ertan and my sister
Giil, thank you very much for your unconditional love and believing me. Special
mention goes to the indispensable family members Alper, Melda, Bilgehan,
Metehan, Ozgii and my parents in law, | am the luckiest person surrounded by your
kind hearths.

And finally to the ones who protects the outstanding beauty and diversity of nature
and life. Your hope and power have always inspired me; during this learning journey,
| have read and analyzed your silent stories and dusty reports. For me, each one of
you is a superhero who strives for the sake of planet and defends the rights of weak,
beautiful creatures and astonishing ecosystems; for this generation and next
generations. In this regard, | wish to express my thanks to survey respondents: Mecit
Vural, Osman Erdem, Kerem Ali Boyla, Cem Orkun Kirag, Sitk1 Oztiirk, Can
Yeniyurt, Ferdi Akarsu, Kiraz Erciyas, Emrah Coban, Emrah Manap, Ahmet Erkan
Kideys, Franziska Arici.

Xi



TABLE OF CONTENTS

ABSTRARCT e %
07/ RRR vii
ACKNOWLEDGEMENTS. ... .ottt X
TABLE OF CONTENTS ..ottt Xl
LIST OF TABLES. ... oottt XiX
LIST OF FIGURES ...t XXii
LIST OF ABBREVIATIONS. ... XXVI
CHAPTERS
1. INTRODUCTION ... .ottt 1
1.1. Problem Definition..........cccoiiiiiiiiiieei e 1
1.2. Essential Biodiversity Variables APproach ...........ccccccvveveivieiieveiie s 7
1.3. The Objective and Scope of the TheSiS.........ccccvevveiiiiiccieeece e, 15
1.4, TNESIS OULHNE ... 16
2. BACKGROUND OF BIODIVERSITY MONITORING ......ccccocoviiiiiiieiiene. 19
2.1, BIOUIVEISITY ...ttt e re e re e 19
2.1.1. Biodiversity Decline in ANtropoCENE .........cooviiviiieieie e 21
2.1.2. Human Dependence on ECOSYStEM SErViCES.........cccovrirerenerininieeenes 24
2.2. BIOdIVErSIty OF TUIKBY ....ooiiiiiiiiiceeee e 25
2.3. Agents of Biodiversity MONITOrNG .......cccoeveririiininieeeee e, 30
2.3.1. International Policies and Organizations...............ccocerenereneneseneseennns 30

xii



2.3.1.1. Convention on Biological Diversity (CBD) and Aichi Targets......... 32
2.3.1.2. Sustainable Development Goals (SDGS) ......cccovverriverieneeieeniesienens 33

2.3.1.3. Intergovernmental Science-Policy Platform on Biodiversity and

Ecosystem Services (IPBES) ........cccooviiiiiec e 35
2.3.1.4. The International Union for Conservation of Nature (IUCN) ........... 36
2.3.1.5. World Conservation Monitoring Centre (UNEP-WCMC)................. 37
2.3.1.6. Group on Earth Observations (GEO) ..........ccccecviveiveviiicceece e 38
2.3.1.7. The Biodiversity Indicators Partnership (BIP).........cccccevvviveieiiennn, 39
2.3.2. Regional Policies and Organizations ............ccocuveevereneneneneseseseeeenen 39
2.3.2.1. European Union Legislation ............ccooeviiiniiiiniiincn e 39
2.3.2.2. New Agenda: European Green Deal ...........cccooeviiiiiniininiiiinieee, 41
2.3.2.3. Barcelona CoNVENTION...........coeiiiiiiiisieeeeeee s 41
2.3.3. National Policies and Organizations.............ccoceeeeeeieneneneneseseseeeenen 41
2.3.3.1. Governmental OrganiSations............ccovrerieiriieienese e 41
2.3.3.2. Strategical DOCUMENTS ........cccveiiiiieieeie e 49
2.3.3.3. Major Developments in Biodiversity Monitoring...........c.cccccevevennee. 56
2.3.3.4. Non-Governmental Organizations (NGOS) .........cccccveveeieieeneciennnn, 68
2.4. What Do We Know About Biodiversity Monitoring? ..........cccccceeeevveveiiennnn, 73
2.4.1. Gene Level MONItOriNG.......ccoviviieeieiie ettt 77
2.4.2. Species-Level MONItOriNG.........coovveiiiiieieee e 79
2.4.2.1. TaxonomicC SAMPING......coviiiiiieie i 82
2.4.2.2. SPECIES MELIICS . ....viteiiieieeiieieie ettt 84
2.4.2.3. Citizen Science and Community Platforms ............ccccoovoniiieninnnn, 84
2.4.3. Ecosystem Level MONITONING.......ccuieieriniiisesieieie e 88

Xiii



2.4.3.1. FOreSt MONITOMING ..c.vvevieiieiiieiesie et nneas 91

2.4.3.2. Long-term Ecosystem Research (LTER) Network.............cccccvvvrnenn 96
2.4.3.3. UNEP/WCMC- Protected Planet...........ccocevveiveieneicnineniseeieienes 97
2.4.3.4. Monitoring ECOSYSIEM SEIVICES .......ccvcvveiiieiieieiierie e e sie e 97

2.5. What Makes Biodiversity Monitoring Difficult?.............cccccooeiiiiiiicinenen, 99
2.6. What Makes Biodiversity Monitoring Efficient?............cccoocevvveviicivcee, 102
2.6.1. Building Consensus in INAICALOrS...........cccevverieiieiieie e 103
2.6.2. Optimizing Sampling Effort...........ccccooviiiiieii e 109
2.6.3. Identifying the Survey Details..........c.cccooveieeii i 112
2.6.4. Collaboration between Environmental Agents..........c.ccccevvveveiiievvenene. 113
2.6.5. Engaging CitiZEN SCIENCE........ccoviieiiieiesie st 115
2.6.6. Adopting Technological Improvements into Monitoring ............c......... 116
2.6.6.1. CAMEIA rAPS .....veveeiieieeiieete et 116
2.6.6.2. Web Sites and POrtals ...........cccoeiiiiiinininceeese s 117
2.6.6.3. Mobile Devices and SENSOIS..........cccoierirerieiee e, 117
2.6.6.4. Artificial Intelligence and Augmented Reality..........c.ccocovvvivenennee. 117
2.6.6.1. SoUNASCAPE ECOIOQY .....ccveiviiieiiieii e 119
2.6.6.2. Environmental DNA (8-DNA) ......ccoviieii e 119
2.6.6.3. REMOLE SENSING ...veoviiviiiieeie et 120

2.7. Some Examples of Large Scale Monitoring Programs............ccccccevveevveienne. 124
2.7.0. SWILZEIIANG ... 124
2.7.2. NeW Zealand...........cooeiiiiiiiiiieieeee e 126
A B N\ (0] 411V Y PSRRI 127

Xiv



3. AN EVALUATION OF CURRENT KNOWLEDGE IN EBVS PERSPECTIVE

FOR TURKEY ...ttt 131
3.1. Generation of Biodiversity Monitoring Portfolio...........ccccccceevveviiiciiennenn, 133
3.1.1. Active Monitoring Programs (AMP) ........cccocveiiiieiieeie e, 133
3.1.2. Potential Monitoring Programs (PMP) ........cccccceieiieie i, 138
3.1.3. ACademiC StUAIES (AS)....uiieeiieeieiieie et e e 142
3.2. Compiling the Metadata.............cccevverueiiieiieeie e 144
3.3 RESUIES . e 145
3.3.1. General AttrIDULES........ociiirieiieiee e 145
3.3.2. TaX0NOMIC ALITDULES .....ccveveiiieiieieiee e 148
3.3.3. Temporal AITDULES ........ooiiiiieieieeee e 151
3.3.4. Spatial ALrTDULES ......oceeiviieiieieeeee e 152
3.4. Evaluation of KNnOWIEdgE ........coviiiiiice s 157
3.4.1. Strengths and CaVEALS .........cceiieieieieie et 158
3.4.1.1. EBVS PEISPECLIVE......cccvieiicie ettt 158
3.4.1.2. TaXON0OMIC PErSPECLIVE ......cveivicieciesiee e, 161
3.4.1.3. Temporal PerspectiVe.........cccccveiieiieiie e 163
3.4.1.4. Spatial PErspeCtiVe .........cocvcieiieie et 164
3.4.2. Opportunities and Challenges...........cccveveivieiieii i, 166
B4 2.1 POLICY oottt 166
3L4.2.2. SCIENCE ...ttt etttk 176
34.2.3. CUIUIE ... 177
3424, FINANCIAL ..o 180
3.4.2.5. TECANOIOGY......e ittt 181

XV



4. A FEASIBILITY ANALYSIS ON EBVS PERSPECTIVE FOR TURKEY ..183

4.1. Feasibility QUESTION ......coouiiieiieieee et 185
4.2. USBTUINESS ... 185
4.3, CONSLIAINTS ...vevveviiieeeiest et 186
4.3.1. HUMAN RESOUICES .......veiiiiiiiiiieiiiie e 187
4.3.2. Technology and EQUIPMENL..........cccoviveiiiiie i 188
4.3.3. DeSign LIMItAtioNS ........ccveiveiieriicieseese et e e 189

5. A TRIAL ON PERFORMANCE OF REMOTE SENSING FOR ECOSYSTEM
MONITORING: MAPPING THE DISTRIBUTION OF MEDITERRANEAN

IMAQUIS ..ot e et ee e ee e 195
5.1, INEOTUCTION ...t bbbt 195
5.2. Materials and Methods............ooueiiiiiiiiie e 199

5.2.1. OVEIVIEW ...tttk ettt 199
5.2.2. THE STUAY AFCa......cuiiieiecie ettt sre e e 200
5.2.3. MALETIAL ... 202
5.2.3.1. Field Survey and Ground Truth Polygon Drawing............c.cccocue..... 202
5.2.3.2. Remote Sensing Data............cccccveviiieieeie e 204
5.2.3.3. ANCIllary FEAtUIES.........cceeiicieii et 204
5.2.4. MEENOU. ..ottt 205
5.2.4.1. Feature EXIraCtion.........ccoceoeiieiiniii i 205
5.2.4.2. Random Forest Classification...........c.ccoouviriiieiinincninecceeee, 208
5.2.4.3. Feature SEleCTION .........cccoiiiiiiieie e 208
5.2.4.4. ACCUIaCY ASSESSIMENT ......eeviiiieiiieiirieesieeie e 209
5.3, RESUILS ..ttt a et nenes 210

XVi



5.3.1. ClasSITICAtION MAP........cciiiriiiieiieieieie e 210

5.3.2. ClassSifICatioN ACCUIACY .......covveierieerieeieseesieesie e siee e snee e e see e sreensens 211
5.3.2.1. Species Level Classification ACCUIaCY .........ccoveervereeieerieserseennenn. 211
5.3.2.2. Physiognomic Classification ACCUIaCY ........ccccceerviiereerieeieseennenn, 212

5.3.3. EXPIanatory FEALUIES .........ccceiveieiieiiee ettt e e 212

5.4, DISCUSSION ...ttt bttt e 214

5.4.1. Utility of the Classification Map .........ccccccevveiiiieieeie e 214

5.4.2. ClassifiCation ACCUIACY ........cccvevveiieiieeieiieseesieseesteesie e sreesre e sreenne s 216

5.4.3. EXPIlanatory FEALUIES ..........cciveieiieiieeie et 219
5.4.3.1. Remote Sensing FEAtUIES ..........cccveveiieiieie e ie e, 219
5.4.3.2. ANCIlIary TRATUIES ........ooiiiiieice e 220

5.5, CONCIUSIONS ...t 220
5.6. Linkage the Ecosystem Level MONItOring .........ccocvvvveeieneneninenesceeens 221
6. CONCLUSION AND FUTURE WORK ..ot 223
6.1. Assessment of Monitoring in TUFKEY .........cccoviiiiiniiieee e 223

6.1.1. Design and IMplementation ............cccoeererenininieeieeese e, 224

6.1.2. Data Management and StOrage ........cccevvvvievieereieeieese e 226

6.1.3. Analysis and REPOItiNG.........ccccoeiieiieie e 227

6.2. Feasibility ANAIYSIS .......c.cooveiiiiieieee s 228
6.3. REMOLE SENSING ....ccviiiiiieiie ettt sre e ens 229
6.4. What | Could NOE AO? .....cveiiiiiiieiriee e 230
REFERENGES...... ..ot 233
APPENDICES ...t 273
A. QUESLIONNAITE FOMM ...t ens 273

XVii



B. List of Literature Su

CURRICULUM VITAE

rvey- AcademiC StUAIES .........ccvvveieieieicie e

XViil



LIST OF TABLES

TABLES

Table 1.1. Essential Biodiversity Variables (GEO BON, 2013)........ccccoccvvivvivnennnnns 10
Table 2.1. Some indicators of change caused by human activities (Crutzen, 2006)..22
Table 2.2. Taxon numbers (Zeydanli et al., 2020) .......ccceveiieereiieiiereeeceere e 26
Table 2.3. The distribution of plans according to IUCN red list categories (Ekim and
L1 o0} ) OO 27
Table 2.4. International treaties that Turkey has been ratified.............cccccovvverinnnnn. 31
Table 2.5. Milestones in National acts and regulations ...............cccoceeveevieieeiecinennen, 45
Table 2.6. The protected areas and responsible general directorates.................c....... 46
Table 2.7. The statistics of Protected Areas as 31.12.2019 (MAF, 2020) ................. 48
Table 2.8. Contents of The National Biological Diversity Strategy and Action Plans
(NBDSAP) oottt ettt s ettt bt e et et e erennas 53
Table 2.9. The biodiversity linked targets in the 11" Development Plan (2019-2023)
.................................................................................................................................... 55
Table 2.10. Evaluation table of 39 SPAs according to the criterions .............cc......... 64
Table 2.11. Some project examples executed by NGOs and mentioned in NBDSAPs
.................................................................................................................................... 71
Table 2.12. The comprehensive biodiversity conservation projects (Zeydanl et al.,
2020) 1ttt h et h e b e b e a b r e bt et renrena e ere e 72
Table 2.13. Species as monitoring targets (Beever, 2006).........cccccvererineninnennenen. 81
Table 2.14. The taxonomic lists cOVering TUIKEY.........cccoveieeieive i 82
Table 2.15. Accepted methods of monitoring for species groups.........cccccevvevvevenen. 83
Table 2.16. iNaturalist Countrywide statistics (https://www.inaturalist.org/) ........... 88
Table 2.17. Major ecosystem monitoring products covering Turkey .............ccccoe... 90
Table 2.18. Data surveys and frequency of ICP plotS.........cccccccvvviiiiivieciciiccc e, 95
Table 2.19. The list of problems causing failures in monitoring (Lindenmayer and
LIKENS, 2010) ©oiuiiiiiiieii ettt ettt re e reeaeeneenres 100
Table 2.20. Examples of BiodVviersity INdeX...........ccoovvviiiiiiiiienee e 104

XiX



Table 2.21. Commonly used environmental indicator selection criteria (Niemeijer and

(] (001 2 001 USSR PPRSPRPSRR 106
Table 2.22. List of criteria and an example of relative importance among user groups
(Rice and ROCHEL, 2005) .......ooieiiiiieiieiieie e 108
Table 2.23. Description of metrics used for evaluating the monitoring efforts by
Scheele et al., 2019 ..o e 109
Table 2.24. Proportions of monitoring schemes which documents a given cause of
change (Henry et al., 2008).........ccoiiiiieiieeiiese e 113
Table 2.25. Contribution of remote sensing instruments in Finnish Biodiversity
Monitoring (Vihervaara et al., 2017) ......ccooeiiiiiiiiiiee e 122
Table 2.26. Large scale monitoring programs using remote Sensing ...................... 123

Table 2.27. Indicator set of National Biodiversity Monitoring of Switzerland until

Table 2.28. Number of indicators per major ecosystem (white cells show the indicators

used in thematic groups, grey cells show the indicator for an operational definition for

the reference state) (Certain et al., 2011).......ccccoveiiiiiiieir e 128
Table 3.1. The list of Active Monitoring Programs............ccocevevenenenenesenennenns 134
Table 3.2. The list of Species Action P1ans (SAPS) ..o 139
Table 3.3. Metadata SITUCLUE .........coeiiiiiieieiee s 144

Table 3.4. Distribution of monitoring portfolio among different EBV classes ACA:
Academic study, AMP: Active Monitoring Program, SAP: Species Action Plan).145
Table 3.5. Distribution of monitoring portfolio among EBVs (* excluded from the
e Lo (IS L 001 ISR 147
Table 3.6. Distribution of monitoring portfolio among different resources (ACA:
Academic study, AMP: Active Monitoring Program, SAP: Species Action Plan).148
Table 3.7. The EBV requirements of monitoring and evaluation reports in

international conventions and ProtoCoIS ..........ccccvveiveii s 167
Table 3.8. Actions related with monitoring defined in NBDSAP (2018) ............... 169
Table 3.9. The EBV requirements of monitoring and evaluation of criteriain NBDSAP
0T OO 171

XX



Table 4.1. Usefullness of EBVs (Turak et al. 2017) ......cccoceevviiniieniniiene e 186

Table 4.2. SCOriNg hUMAN FESOUICES ......ccvveiveiieiieeieeie e esie e e e 187
Table 4.3. Scoring technology and equUIPMENt...........cccccveveeieieeie e 188
Table 4.4. Scoring design lIMItatioNS. ..........ccooeiiiiiiniiee s 190
Table 4.5. The cumulative analysiS.........ccoeieiiiiiiiiiieee e 191
Table 5.1. List of ancillary features ...........cccoveiieii i 205
Table 5.2. List of spectral indices and re-computed features from Sls to delaminate
VEQETALION CIASSES .....vievieivieieeie ettt st e esre e aneenneas 207
Table 5.3. Confusion matrix of species classifiCation............cccoceeerenininiiiiiienenn 211
Table 5.4. Confusion matrix of the physiognomic classification..............cc.ccccueeee. 212
Table 5.5. Potential utility of produced species maps in Mediterranean maquis.....215

Table 5.6. Accuracy statistics and classification scheme. We listed only classes related

WITH MAGUIS. .ottt 217

XXi



LIST OF FIGURES

FIGURES

Figure 1.1. Components of biodiversity change in loss and alteration dimensions
(Pereira et al., 2012)......coiiieiieieeee et nne s 2
Figure 1.2. Analysis of imbalance in biodiversity research (Tydeck et al., 2018)......5
Figure 1.3. The annual budget of General Directorate of Nature Conservation and
NALIONAT PAIKS........ieiiiiieiieese ettt s este e sre e e e 7
Figure 1.4. EBV framework (Source: UNEP/CBD/SBSTTA/17/INF/7, 2013)........... 9
Figure 2.1. Classification of Ecosystem Services (Pereira and Cooper, 2006)......... 25
Figure 2.2. Biodiversity hotspots of Turkey (Noroozi et al., 2019) .........c..cceeveeneen. 26
Figure 2.3. CORINE 2018 Land Cover Map of TUrKey.........cccooeveiiiininiiieicee, 28
Figure 2.4. Terrestrial Ecoregions of Turkey (Olson et al., 2001) .........ccccvvvvvvenennns 28
Figure 2.5. Ecoregions of Turkey (Atalay et al., 2014) .........cccevveveiiiiicie e, 29
Figure 2.6. Sustainable Development Goals............ccccoevveviiieiieie e 34
Figure 2.7. The arrangements in Ministries throughout the republic......................... 43
Figure 2.8. Milestones in biodiversity conservation and management ..................... 44
Figure 2.9. Ecosystem services of protected areas (Stolton et al., 2015). ................. 47
Figure 2.10. Gap analysis conducted in NBDSAP (2007) .....ccccoveveeirevieriecieieennn, 54
Figure 2.11. Distribution of endemism (Source: UBENIS progress report) ............. 57
Figure 2.12. IUCN Red List Categories of flora records (Source: UBENIS progress
=1 00] 1 TSP PSP PT PP PRSPPI 58
Figure 2.13. IUCN Red List Categories of fauna records (Source: UBENIS progress
=10 To] 1 ) TSSO 58
Figure 2.14. Proposed monitoring SChEME ... 59
Figure 2.15. Map of monitoring sites for flora (Source: UBENIS progress report)..59
Figure 2.16. Map of monitoring sites for fauna (Source: UBENIS progress report) 60
Figure 2.17. Map of special monitoring sites (Source: UBENIS progress report).... 60
Figure 2.18. Map of proposed monitoring sites (overlapped in Photoshop) ............. 61

XXii



Figure 2.19. Distribution of species among IUCN Red List Categories (The proposed
categories in the SPAs are evaluated) (Demirbas-Caglayan and Bilgin, 2018)......... 63
Figure 2.20. Progress of data entry in Noah’s Ark (Source: UBENIS progress report)

Figure 2.21. Number of points on species group (Source: Noah’s Ark) ..........c........ 67
Figure 2.22. Number of taxon according to species group (Source: Noah’s Ark).....67
Figure 2.23. TUCN Red List Categories of species (Source: Noah’s Ark) ................ 68
Figure 2.24. Distribution of papers across animal taxa (Donaldson et al., 2016).....80

Figure 2.25. Distribution of biodiversity occurrence data, of Turkey in GBIF (GBIF,

2020) 1.ttt et h ettt r b e e bt et renaenn e ene e 86
Figure 2.26. Bird richness of Turkey according to e-Bird observations
(https://ebird.org/region/TR2Yr=all) ......c.coveiiiieieece e 87
Figure 2.27. Turkey’s tree cover loss between 2001 and 2019 (Source: GFW, 2020)
.................................................................................................................................... 92
Figure 2.28. Turkey’s forest fire timing statistics (FIRMS) .......cccocvvvriiiiniininniiennnn, 93
Figure 2.29. Share of naturalness in the forest area (FOREST EUROPE, 2015)......94
Figure 2.30. Distribution of ICP plots (Michel et al., 2018).........cccccevviiiriiiinienn 96
Figure 2.31. Suggestions for better monitoring (Dixon et al., 2019) ............cccvueee. 101
Figure 2.32. Conceptualization of three casual chain frameworks: a) PSR, b) DSR and
c) DPSIR (Niemeijer and Groot, 2008) ..........ccccveerieiieiieiieieceece e 106
Figure 2.33. Theoretical relation between optimal size and number of sampling plots
(Hoffmann et al., 2019) ......cooiiiiiieeieeee s 110

Figure 2.34. Effect of minimum detectable effect size (5, 10 or 20% of initial mean
species richness) on the relationship between quadrat size and MSS (Archaux and
Berges, 2008) ....veeieiiiee s 111

Figure 2.35. Number of species listed in European policy documents (Henle et al.,

XXiil



Figure 2.37. The experimental fire ignition caught by Sentinel 2 (Source: SAN Parks
Research Report 2018-2019) .....c.ccouiiieiieieceesie e 123
Figure 2.38.The share of data source for the mean number of documented indicators
per municipality for date, and major ecosystem (Certain et al., 2011)...........c....... 129

Figure 3.1. Distribution of monitoring efforts among species groups and ecosystems

................................................................................................................................. 135
Figure 3.2. Spatial coverage of monitoring efforts in species groups..............c...... 137
Figure 3.3. Distribution of SAPs among IUCN Red list Categories and Habitats .. 140
Figure 3.4. Map of SAPS [0CALIONS .........cceiviiiiiiiiiieciee e 141
Figure 3.5. PRISMA flow diagram steps for the selection process of literature...... 143
Figure 3.6. EBVS VErsus target groUPS .......ccvecueeieiierieeieeseesieeeesaese e e esve e 149
Figure 3.7. Distribution of Species among IUCN Red List Categories................... 150
Figure 3.8. Time series analysis of the monitoring portfolio according to the source,
EBV class and target groUpP. ......cocoeeieieierieniesie st 151
Figure 3.9. Distribution of monitoring portfolio among different resources........... 152
Figure 3.10. Distribution of geographical scales among EBV classes.................... 153
Figure 3.11. Distribution of geographical scale among species groups and ecosystems
................................................................................................................................. 154
Figure 3.12. Distribution of geographical scale among ecosystems ....................... 155
Figure 3.13. Distribution of EBVS among ecosystem types..........cccocvevveveeireiieennnn 156

Figure 3.14. Distribution of target species and ecosystem among ecosystem types156
Figure 4.1. The relation between efficiency and effectiveness (De Blunst et al., 2013)

Figure 4.2. EBVs usefulness versus feasibility in Turkey’s case.........c.cccocerveunnen. 192
Figure 5.1. Workflow for the classification (Grey rectangle denotes process and rhomb
AENOTES ALA) ...ttt 200
Figure 5.2. The study area and the sampling points within the “sparse forests” a) The
location of the study area, b) Dark grey polygon: Kdycegiz Forest Management Unit.

Red polygons: “sparse forest” stands identified in stand management maps. Dashed

XXIV



lines: various protection status (SEPA: Specially Environment Protection Area, NP:

National Park, WR: Wildlife Reserve. c) White dots: sampling points................... 201
Figure 5.3. Histograms of elevation classes for sparse forests (upper) and 375 ground
trUtN POINTS (TOWEK).. . nne s 203

Figure 5.4. Distribution of ground truth polygons among the eight species classes203

Figure 5.5. NDVI values distribution per month for each of the eight vegetation classes

Figure 5.6. (left) “Sparse forest” mask; green polygons show stands labelled as “sparse
Pinus bruita forest”, only orange polygon labelled as “maquis”. (right) Classification
representing the dominant maquis species and Pinus brutia...........ccccccoevvcvervenene 210
Figure 5.7. Number of features versus overall accuracy (Red line: change in accuracy

with the additive random features. Dashed lines: the trend in the accuracy change)

XXV



LIST OF ABBREVIATIONS

ABBREVIATIONS

CBD

COPs

EBVs

ECV

ESDGVs

ESA

EU

FAO

GDNCNP

GBIF

GCOS

GEOSS

GFOl

GDP

IPCC

IPBES

ICP Forests

United Nations Convention on Biological Diversity
Conference of the Parties

Essential Biodiversity Variables

Essential Climate Variables

Essential Sustainable Development Goal Variables
European Space Agency

European Union

Food and Agriculture Organization

General Directorate of Nature Conservation and National Parks
Global Biodiversity Information Facility

Global Climate Observing System

Global Earth Observation System of Systems
Global Forest Observation Initiative

Gross Domestic Product

Intergovernmental Panel on Climate Change

Intergovernmental Science-Policy Platform on Biodiversity and

Ecosystem Services

International Co-operative Programme on Assessment and Monitoring

of Air Pollution Effects on Forests Network

XXVi



IUCN International Union for Conservation of Nature

LTER Long-Term Ecological Research
MAF Ministry of Agriculture and Forestry
MoL Map of Life

MEA Millennium Ecosystem Assessment

UBENIS National Biodiversity Inventory and Monitoring Project

NGO Non-Governmental Organisation

SPA Special Protection Areas

SAP Species Action Plan

SDG Sustainable Development Goals

BIP The Biodiversity Indicators Partnership

GEO BON  The Global Earth Observation Biodiversity Observation Network
NASA The National Aeronautics and Space Administration

NBDSAP The National Biological Diversity Strategy and Action Plans
UNFCCC United Nations Framework Convention on Climate Change
UNEP United Nations Environment Programme

UNCED United Nations Conference on Environment and Development
UNCCD United Nations Convention to Combat Desertification

UNESCO United Nations Education Scientific and Cultural Organization
UNEP United Nations Environment Programme

WCMC World Conservation Monitoring Centre

WMO World Meteorological Organization

XXVii



WRI

World Resources Institute



CHAPTER 1

INTRODUCTION

1.1. Problem Definition

Increasing magnitude and extent of anthropogenic activities has been changing global
biodiversity detrimentally (Butchart et al., 2010, Tittensor et al., 2014, Visconti et al.,
2016). Direct pressures mainly driven by human population growth and resource use
and they can be listed as land cover change, overexploitation, invasive alien species,
pollution and climate change (Pereira et al., 2012). Degradation of natural ecosystems
reduced biodiversity intactness (Newbold et al., 2016) and rapid depletion in "natural
capital” reveal the loss of ecosystem services which human wellbeing depends upon
strongly (MEA, 2005). A growing literature in the last twenty years provides evidence
with the substantial connection with nature and its essential contributions to people
(Costanza et al., 1998, Costanza et al., 2014, Diaz et al., 2018). Thus, it is vital to
conserve biodiversity to ensure the continuation of the services that biodiversity
provides not only for sustaining the variety of life itself, but also securing the human

welfare.

In scientific perspective “how bad is the biodiversity crises?” (McGill et al., 2014),
“how urgent the actions to prevent biodiversity loss?”, “do we have time to develop
more and exhaust natural capital?”. These questions can only be answered by
understanding the status and trends in biodiversity globally. But monitoring is a
scalable question. McGill et al. (2014) argued about the distinction between alpha
diversity and beta diversity. Measuring different components of biodiversity at
different scales cannot be comparable, and misguide the decision takers. To an extent
this discussion, Pereira et al. (2012) introduced the two components of biodiversity

change as biodiversity loss and biodiversity alterations (Figure 1.1). Simply



biodiversity loss is defined as the extinction of an allele or species locally or globally
and biodiversity alteration is the response of biodiversity by shifting species
distribution or modifying the structure of a community. For example species would
most likely react ecosystem disturbances by shifting locally and colonizing new
ecosystems. Thus a local scale monitoring might not reflect this change. So in that
regard monitoring biodiversity change at various aspects are needed to track to the
response of environmental change on genes, species, communities and ecosystems.
From remote sensing to in situ techniques, any monitoring effort will develop our
skills to better interpret the complex interactions (e.g. traits) and feedbacks (e.g.
ecosystem functions) and matching various temporal, spatial and biodiversity scales
(Scholes et al., 2012).

Loss 4

Extinctions

>
>

Alteration

Figure 1.1. Components of biodiversity change in loss and alteration dimensions (Pereira et al., 2012)

Observation of nature has the most plentiful and longest records in human history
(Scholes et al., 2012). However measuring something in nature, merely does not mean
monitoring. Monitoring needs some essential ingredients; “a question, an

experimental design, a conceptual framework, and data integrity through the



repeatable application of appropriate field protocols” (Lindenmayer and Likens,
2010). Yoccoz et al. (2001), define monitoring as the process of collecting information
about some system state variables at different points in time to evaluate the system
state and draw conclusions about changes of these variables over time. And they
criticized the concurrent programs as most of them are lack of answers of these

fundamental questions “why to monitor?, what to monitor? and how to monitor?”

Monitoring can be science, management, policy-oriented. The policy decisions related
with a) prioritization of conservation efforts and managing vulnerable areas, b)
evaluation of the success of conservation management, ¢) reporting international
obligations with solid parameters can be achieved. Monitoring is not an option for
nations anymore, it is an obligation to increase ecosystem integrity and resilience

against catastrophes such as climate change and pandemics.

In addition to these conservation-oriented concerns, today’s agenda of sustainability
(i.e. Sustainable Development Goals) also pushes monitoring by means of effective
management of natural resources. Ultimately, monitoring the earth’s life support

systems is directly linked with biological diversity.

Convention on Biological Diversity (CBD) is the most important political instrument
in terms of conserving biodiversity, globally. Since its development at the Rio Earth
Summit in 1992, several targets have been imposed on countries for preventing
biodiversity loss. Measuring biodiversity ‘globally’ is an ambitious goal and is a must
for to track the target: “reduce the rate of loss of biodiversity by 2010 taken by CBD
and approved by 190 countries (Balmford et al., 2005). However, there was not
broadly agreed and globally available set of measures for the evaluation of the
biodiversity. In seven topics of CBD, 40 measures present the situation in 22 major
indicators. A consistent message could not be delivered to policymakers from these
enormous set (Scholes et al., 2008). In Nagoya CBD conference of the parties (2010)
Aichi Targets were approved for the period of 2011-2020. Similar to previous targets,
the Aichi Targets have been facing the same problems. Scholes et. al (2012) updated



the situation such that (1) some proposed indicators were not functional in reliability,
(2) compared to some local achievements, some of the 21 sub-targets were not
achieved globally, (3) broader analysis conducted with 31 indicators revealed that
biodiversity was declining and the pressures behind this decline are increased
(Butchart et al., 2010). Pereira et al. (2013) highlighted that the indicator problem
continued such that although almost a hundred indicators were proposed, two-thirds
of the submitted reports had presented inefficient information about biodiversity

change and the information cannot be integrated to a global assessment.

Two major reasons are behind this obstacle. The first one is the intrinsic structure of
existing data such that the diversity, disorganized and scattered character imposes a
barrier in harmonization. The second one is the spatially, temporally and
taxonomically data gaps (Scholes et al., 2008; Butchart et al., 2010). Up to now,
biodiversity is monitored where ecologists exist and work (Jongman, 2013). The
studies are intensified in the temperate climate, developed countries, although the
biodiversity is more concentrated in tropical, developing countries (Scholes et al.,
2012). Also the biased distribution is evident in taxonomic perspective. Bonnet et al.
(2002) called this syndrome as “taxonomic chauvinism”. Tydeck et al. (2018) has
conducted a comprehensive analysis covering 134.321 publications. Their results
highlighted in terrestrial ecosystems among realms and plants among species groups
are the most studied in Europe and Asia (Figure 1.2). Globally, publications
distributed 47.9% genetics, 68.4% species, 15.8 % ecosystem and 8.1% phylogenetic

level.
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Figure 1.2. Analysis of imbalance in biodiversity research (Tydeck et al., 2018)

In accordance with CBD requirements, Turkey had prepared its National Biodiversity

Strategy and Action Plan and submitted to the CBD secretariat in 2001, and updated

the strategy in 2007 and lastly in 2018. These national strategies have guided policy

and actions. In addition to several legislations and conservation actions, the

fundamental achievements in monitoring perspective are;

National Biodiversity Inventory and Monitoring Project (UBENIS) (2013-
2019): The project aimed the generation of biodiversity inventory
countrywide. Occurrence data of vascular plants, mammals, birds, freshwater
fish, reptiles and amphibians were acquired by field surveys and literature
reviews and cryptogamic plants and invertebrates were reported by literature
review only. In each province inventory report the areas to be monitored were
identified.

Species Action Plans (2013-...): The Ministry of Forestry and Water Affairs
set a target to accomplish 100 Species Action Plans by 2023. Almost all of the
SAPs action plans highlight the importance of the monitoring of species.
Noah’s Ark National Biological Diversity Database (2007-...): Biological data
especially species records collected by UBENIS project and Species Action
Plans have been stored in Noah’s Ark National Biological Diversity Database.

Currently the database includes 852.813 point records from 14.334 taxon in 81



provinces. The dispersed biodiversity data has now complied in this database.
However, the data share policy and accessibility problems which will be
discussed in the following chapters create a barrier for other users (universities,
NGOs, citizens).

In Turkey, non-governmental organisations also act as important agents in
biodiversity monitoring. Although their efforts particularly focus on endangered
charismatic species (i.e. Mediterranean Monk Seal (Monachus monachus), sea turtles
(Caretta caretta and Chelonia mydas) and flamingos (Phoenicopterus roseus)) their
role in providing expertise and ambition to sustain monitoring are indispensable.
However their limited budget and human resources and frequent shifts in the topic

areas of international financial supports, risk the continuity of monitoring activities.

Similar to other nations, monitoring activities are very much limited by financial
constraints. Figure 1.3 shows the annual budget of The Ministry of Forestry and Water
Affairs, General Directorate of Nature Conservation and National Parks (GDNCNP)
which was presented in the yearly Status Reports on Nature Conservation (GDNCNP,
2020). Although we do not know the share of monitoring investments, it is visible that
the annual budget fluctuates a lot over the years with steep cuts from time to time.
Most recently the ministry decreased the budget around 45% in 2019. At its current
state, the annual budget is below 2014 levels. Furthermore, in USD terms the budget
is even below 2012 levels. Turkish Lira’s depreciation against USD also imposes an
additional financial constraint as most of the monitoring activities have expenses in
foreign currency. As of today USD to TL exchange rate is above 7, while it was 1.79
in 2012. The graph also shows that the national Gross Domestic Product (GDP) in
USD terms (green line), it is evident the budget allocations are insensitive to the GDP.
Thus, it is necessary to develop a national biodiversity monitoring program which is

globally applicable and financially feasible.
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Figure 1.3. The annual budget of General Directorate of Nature Conservation and National Parks

To tackle the above-mentioned challenges on a global scale, clear priorities need to be
set to guide the development of biodiversity monitoring systems worldwide. Essential
Biodiversity Variables (EBVs) focus on a limited number of measurements that are
crucial for characterizing global changes in biodiversity. EBVs also facilitate the
harmonization of existing observation systems and guide the deployment of new
monitoring schemes, especially in areas where biodiversity is still very limited.

1.2. Essential Biodiversity Variables Approach

The Global Earth Observation Biodiversity Observation Network (GEO BON) was
established under GEO umbrella in 2008 to improve the coordination for biodiversity
monitoring. GEO BON has generated the list of EBVSs. These are similar to Essential
Climate Variables (ECVSs) that successfully deliver Global Climate Observing System
(GCOS) and thus used in the reporting of the UN Framework Convention on Climate
Change (UNFCCC) and the Intergovernmental Panel on Climate Change (IPCC) as a

primary observation level.



As aforementioned before, indicator-based approaches are not successful neither in
reporting nor managing global challenges. Problems arise in two pillars; (1) to fill

missing data, (2) to manage existing data (Scholes et al., 2008).

To generate the effective minimal set of variables, following criterions were set as
follows (Scholes et al., 2012, Pereira et al., 2013);

e Meeting the operational requirements of Aichi targets

e Repeatable and applicable for current and future user needs

e Scalable, from local to global

e Complement to various biodiversity aspects

e Not raw data and not an indicator, intermediate information between these
two levels

e Sensitive to temporal changes

e Comprehensive for different taxa and different realms (terrestrial, freshwater,
and marine)

e Feasible

EBVs identify a condensed set of primary observations necessary to support the long-
term, multi-purpose data for biodiversity monitoring at various levels (Pereira et al.,
2013).

The EBV framework (Figure 1.4) stand on the primary observation data derived from
in-situ or remote sensing systems. EBVs are combined from primary observations and
bridges towards indicators. EBVs covers all aspects of biodiversity and serve to assess
Aichi Targets. The EBV products together with ancillary information such as drivers
and pressures, management and policy responses serve the generation of future
scenarios for policy and management decisions (UNEP/CBD/SBSTTA/17/INF/7,
2013).
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Figure 1.4. EBV framework (Source: UNEP/CBD/SBSTTA/17/INF/7, 2013)

EBVs, the details about measurement and scalability and their temporal sensitivity
and global feasibility are presented in Table 1.1. EBVs most instrumental attribute is
their relations with an international target such as Aichi Targets and Sustainable
Development Goals (SDGs). This information are also added to the table. The links
were already mentioned by Pereira et al., (2013), GEOBON (2013 and 2017) and
Kissling et al. (2018a). However, the SDG links in species traits and genetic

composition were missing thus I linked the associated goal and marked it with red.
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Table 1.1. Essential Biodiversity Variables (GEO BON, 2013)

incidental data from any spatial location.

of Life). There is an increasing trend for data
contributed by citizen scientists (Observado,
iNaturalist).

- Temporal - Li_nk_with Li_nk
EBV Measurement and scalability sensitivity Feasibility Aichi with
Targets SDGs
Co-ancestry Pairwise relatedness among individuals Generation | Available for many species but few populations, and 12 12, 14,
or inbreeding coefficient of selected time little systematic sampling over time. 15
species, within and among populations
of each species.
Allelic diversity | Allelic richness from genotypes of Generation | Data available for several species and for several 12,13 12, 14,
S selected species (e.g. endangered species | time locations, but little global systematic sampling. 15
= and domesticated species) at multiple
S locations (statistically representative of
g the species distribution).
S | Population Gene frequency differentiation (Fst and Generation | Data available for many species but often for a limited | 12, 13,15 | 12, 14,
S | genetic other measures) among populations or of | time number of populations. Easy to augment datasets. 15
G | differentiation a subpopulation compared to the meta-
© population of selected species.
Breed and Number of animals of each livestock 5t0 10 Large datasets have been compiled by national 13 12
variety diversity | breed and proportion of farmed area years organizations and FAOQ for livestock breeds, but there
under each local crop variety, at multiple is insufficient systematic sampling for coverage of
o locations. local crop varieties.
E Species Presence surveys for groups of species 1to>10 Presence surveys are available for a larger number of 4,5,6,7, 3, 6,
g distribution easy to monitor, over an extensive years species than population counts and can make use of 8,9, 10, 14,15
=3 network of sites with geographic existing distribution atlas. Some efforts for data 11,12, 14,
> representativeness. Potential role for compilation and integration exist (GBIF, IUCN, Map | 15
&
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Table 1.1. Essential Biodiversity Variables (GEO BON, 2013) (continued)

lifetime it may be a useful surrogate.

- Temporal - Li_nk_with Li_nk
EBV Measurement and scalability sensitivity Feasibility Aichi with
Targets SDGs
Population Population counts for groups of species 1 year Population counts underway for a significant number | 4,5, 6, 7, 3,6,
abundance easy to monitor and/or important for of species in each of the following groups: birds, 8,9, 10, 14,15
o ecosystem services, over an extensive butterflies, mammals, plankton, important fisheries, 11, 12, 14,
IS network of sites with geographic coral reef fishes. Most of these extensive networks are | 15
= representativeness. geographically restricted. Much of the data are
§ currently being collected by citizen science networks.
> Population Number of individuals or biomass of a 1 year Available for some managed species (hunting and 4,5,6,7, 3, 6,
2 | structure by given demographic class of a given fisheries), usually geographically restricted. 8, 9, 10, 14,15
& | age/size class taxon or functional group at a given 11, 12, 14,
N location. 15
Phenology Timing of periodic biological events for | 1 year Several ongoing initiatives (Phenological Eyes 10, 15 13,15
selected taxa/phenomena at defined Network, PhenoCam, ClimateWatch, etc.), some
locations. Examples include: timing of making use of citizen science contributions.
breeding, leaf coloration, flowering,
migration, oceans flow pattern shifts,
intermittent flows in rivers, extant of
wetlands.
Body mass Body mass (mean and variance) of 1-5 year Data available for many important marine fisheries, 6,7 2,14
selected species (e.g. under harvest but little data available for bushmeat and other
pressure), at selected sites (e.g. exploited species groups.
2 exploitation sites).
ﬁ Natal dispersal Record median/frequency distribution of | >10 years Banding/marking and observation data available for 56,9, 10, |-
2 distance dispersal distances of a sample of some birds, mammals, turtles, fish, temperate trees 11,12, 15
o selected taxa. In marine species larval
wn
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Table 1.1. Essential Biodiversity Variables (GEO BON, 2013) (continued)

studies.

. Temporal - Li'nk'with Link
EBV Measurement and scalability sensitivity Feasibility Aichi with
Targets SDGs
Migratory Presence/ absence/ destinations/ 1t0>10 Banding/ marking/ tagging and observation data 5, 6, 10, -
behaviour pathways of selected migrant taxa. years available some birds, mammals, turtles, fish and 11,12
butterflies.
Demographic Effective reproductive rate (e.g. by 1to>10 Data available for some fisheries, birds, mammals, 4,6,8,9, 14, 15
traits age/size class) and survival rate (e.g. by | years reptiles, plants, and other taxa, but little trend data 12,15
age/size class) for selected taxa at available.
selected locations.
% Physiological For instance, measurement of thermal 1t0>10 Some data available for corals, lizards, amphibians 4,6,8,9, -
3 traits tolerance or metabolic rate. Assess for years and insects. 12,15
2 selected taxa at selected locations
z expected to be affected by a specific
» driver.
Taxonomic Multi-taxa surveys (including by 5-10 years Many intensive long-term research sites have 8,10, 14 14,15
diversity morphospecies) and metagenomics at excellent but uncoordinated data, and there are
- selected in situ locations at consistent abundant baseline data for many locations in the
S sampling scales over time. Hyper- terrestrial, marine and freshwater realms.
§ spectral remote sensing over large Metagenomics and the possibilities of remote sensing
g ecosystems. are emerging fields.
S Species Studies of important interactions or 5-25 years Some studies have monitored the structure of species 7,9,14,15 | 14,15
> | interactions interaction networks in selected interaction networks such as mutualistic networks
IS communities, such as plant-bird seed (pollination and seed dispersal), soil food webs, host-
S dispersal systems. parasite and herbivore-plant interactions. There is a
§ lack of global or regional representativeness of these
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Table 1.1.Essential Biodiversity Variables (GEO BON, 2013) (continued)

Ecosystem function

- Temporal - Li_nk_with Link with
EBV Measurement and scalability oL Feasibility Aichi SDGs
sensitivity T
argets
Net primary Global mapping with modelling from remote <=1 year A network of regional networks of in 5,8, 14 2,6, 14,
productivity sensing observations (FAPAR, ocean greenness) situ measurements exists (FLUXNET), 15
and selected in situ locations (eddy covariance). and some global maps based on models
and remote sensing are available.
GCOS is also addressing this EBV.
Secondary Measurement of secondary productivity for 1 year FAO and national statistics on fishand | 6, 7, 14 2, 6,14,
productivity selected functional groups, combining in situ , livestock production. 15
remote sensing, and models. Example functional
groups include: fisheries, livestock, krill, and
herbivorous birds.
Nutrient Ratio of nutrient output from the system to 1 year Some intensive monitoring sites have 5,8,14 2, 6,14,
retention nutrient input, measured at selected in situ nitrogen saturation monitoring in some 15
locations. Can be combined with models and acid-deposition areas; phosphorus
remote sensing to extrapolate regionally. retention monitoring in some impacted
rivers and estuaries.
Disturbance Type, seasonal timing, intensity and frequency of | 1 year Abundant data is available for several 5,7,9, 10, 2, 6,14,
regime event-based external disruptions to ecosystem perturbations, sometimes at the global 11, 14, 15 15

processes and structure. Examples: sea surface
temperature and salinity (RS), scatterometry for
winds (RS), trawling pressure (in situ ), flood
regimes (in situ ), fire frequency (in situ , RS),
cultivation/ harvest (RS), windthrow and pests
(insitu ).

scale, although harmonization and
integration is needed.
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Table 1.1. Essential Biodiversity Variables (GEO BON, 2013) (continued)

functional type

marine ecosystem models) are based on
functional groups.

- Temporal o Li_nk_with Link with
EBV Measurement and scalability o Feasibility Aichi SDGs
sensitivity
Targets
Habitat Remote sensing measurements of cover (or <=1 year Global terrestrial maps available with 5,11,14,15 | 2,6, 11,
structure biomass) by height (or depth) classes globally or RS (e.g., LIDAR). Marine and 14,15
regionally, to provide a 3-dimensional freshwater habitats mapped by
description of habitats. combining RS and in situ data.
Ecosystem Local (aerial photo and in situ monitoring) to 1-5 years Global maps of forests, assessment of 5,7,10,14, | 2,6, 11,
extent and global mapping (satellite observations) of fragmentation for major river basins, 15 14,15
fragmentation natural/semi-natural forests, wetlands, free and local to regional maps of coral
running rivers, coral reef live cover, benthos reefs already exist, but comparable
cover, etc. observations over time are limited and
o a distinction between natural and
2 modified ecosystems (e.g. natural
§ forests versus plantations) is often not
Iz made.
E Ecosystem Functional types can be directly inferred from 5 years Implicitly part of current ecosystem 5, 14,15 2,6,11,
% composition by | morphology (in situ) or from remote sensing. maps. Some models (e.g. DGVMs, 14,15
o
(&)
L




1.3. The Objective and Scope of the Thesis

Turkey has remarkable biodiversity however this diversity is exposed to detrimental
damages. Biodiversity monitoring is an urgent action for combatting biodiversity
decline, managing policies and actions, coping with global challenges (climate
change, poverty, etc.) and providing sustainable development. Major progress has
been achieved in biodiversity monitoring at a national scale in recent years. Turkey is
now in the phase of transition from 'little biodiversity knowledge' to 'baseline
inventory accomplished'. At this point, EBVs approach serves as a smart tool for us.

Today, high quality and reliable biodiversity measurements are not enough to
understand and prevent biodiversity loss. Monitoring needs to be consistent in space
and time, it should reflect the major dimensions of biodiversity and the outputs should
be exchangeable between data providers and users. Cost-effectiveness can only be
assured by strong coordination between agencies, governments and NGOs. The focus
of this dissertation is guiding the terrestrial biodiversity monitoring in Turkey using
the Essential Biodiversity Variables (EBVs) which stand at the core of this study. The

objectives of this thesis are:

1) to collate the distributed information of biodiversity monitoring generated by
various agents in Turkey,

2) to assess the status of biodiversity monitoring with empirical data and highlight the

spatial, temporal and taxonomic gaps in accordance with EBVSs,

3) to present opportunities for future actions in data acquisition, data integration and

data delivery phases of monitoring, considering the technical skills already in Turkey,

4) to generate a framework for querying the feasibility of EBVs in Turkey, considering

the political, technical and economic dimensions of monitoring,

5) to test the feasibility of remote sensing in monitoring ecosystems with a case study.
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1.4. Thesis Outline

This dissertation is organized into six chapters. Following problem definition and
objectives of the thesis, Chapter 2 provides a comprehensive review based on the
relevant literature. After a brief information about the definition and importance of
biodiversity, | present the monitoring topic and categorize the information in three
pillars of biodiversity: gene, species and ecosystem. | summarize the considerable
empirical literature from a global perspective and also | highlight any remarks for
Turkey, if they exist. Several policy instruments and recommendations guide the
monitoring effort together with several contributors. Hence, | have summarized this
vast topic by calling them “agents” and compiled the information in accordance with
policy perspective at three scales: international, regional and national. Moreover, |
introduced the complicated issues related with biodiversity monitoring addressed by
several authors. This section is followed by “What makes monitoring efficient?”
section and comprises the subtitles focusing on the questions “What to monitor?” and
“How to monitor?”” by choosing optimal sampling method, efficient targets, increasing
cooperation between users, engaging citizen science and adopting technological
improvements. The last section gives some successful examples of large scale national

monitoring programs.

Chapter 3 introduces the current situation of terrestrial biodiversity monitoring in
countrywide perspective, covering ongoing efforts, potential programs and the
academic research. Here | focused on active monitoring programs which have been
executed by NGOs or governmental organizations that can be regarded as “long-term
monitoring”. Since the monitoring data is highly dispersed and have different
ontologies, | had generated a questionnaire and derived necessary metadata
information from respondents. Apart from these active programs, there are other
potential programs such as Species Action Plans that were generated by General
Directorate of Nature Conservation and National Parks. The national policy interest
in these species presents a great opportunity for extending future monitoring practices.

Although the academic studies cannot be named as monitoring they constitute a
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baseline. Once the study would be repeated in the same location with the same
methodology, they can be easily linked to a monitoring program. The major limitation
in biodiversity monitoring is availability of human resources, namely the expertise in
a particular taxonomic group. Some of the EBVs require specific skills that are not
readily available. In this regard, academic studies were used as a measure of the
available technical expertise. By querying active and potential monitoring programs
and academic studies “the biodiversity monitoring portfolio of Turkey” was
generated. Further analyses were done by using this portfolio in order to highlight the
gaps taxonomically, spatially and temporally in accordance with essential biodiversity
variables. This chapter touches on the gaps, challenges and strong attributes of
accumulated knowledge. Lastly, | focused on guiding the future of biodiversity
monitoring with an emphasis on potential opportunities and the current state-of-the-

art.

Chapter 4, addresses the feasibility of EBVs for Turkey and developed a framework
by identifying a number of criteria focusing on the political, technical and economic
aspects of monitoring activities. In this simple assessment, scoring relied on the
findings of Chapter 3 and literature reviews. However this framework is not limited
to specific circumstances such as particular ecosystems or cases, SO anyone can use
this framework to choose between EBVs and identify priorities for future studies. The
development in certain criteria, for example including citizen scientists or the reduced
cost of a survey method can make an option feasible in future. Here, my motive is not
to offer a set of EBVs, but rather to present a basin for vision change. Current
tendencies are often constricted by customary practices and habits. Monitoring is an
inherently expensive and resource demanding activity. By assessing their usefulness
(as benefits) and feasibility (as a derivative of cost), future monitoring actions can be

wisely selected.

Biodiversity monitoring is highly resource-demanding. Remote sensing is a promising
tool in monitoring since its data accessibility, affordability and continuity attributes.

The vast majority of literature highlighted the great opportunity of remote sensing

17



with enhanced technical qualifications of recently settled orbit satellites. Several
global scale (such as Forest Watch) analyses prove its capability. Also, many national
biodiversity monitoring programmes acknowledge remote sensing, especially in
ecosystem level monitoring. However, it is hard to say that remote sensing is
adequately used for monitoring purposes in Turkey. For this reason in Chapter 5, |
present a sample to generate a baseline by using machine learning technology and the
Sentinel 2 image gallery. Sentinel 2’s enhanced spatial and temporal resolution
increases the accuracy and develops the nomenclature compared to earlier free satellite
image galleries. | chose Mediterranean sparse forests due to their complexity and less
appreciated diversity. The main objective of this chapter is to show how to map the
compositional diversity in a complex Mediterranean maquis ecosystem and generate
a baseline for ecosystem monitoring. This monitoring approach is not only useful for
conservation practices but also applicable to fire recovery, landscape restoration and

forest management practices.

Lastly, in Chapter 6, | present a brief conclusion and recommendations for future
work. With this dissertation, | draw a snapshot of biodiversity monitoring in Turkey
and suggest novel ways to improve it: in design and implementation, data management

and storage, analysis and reporting phases of monitoring.
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CHAPTER 2

BACKGROUND OF BIODIVERSITY MONITORING

2.1. Biodiversity

Life on earth is everywhere, from the deepest point of ocean to the highest point of
mountains, from the coldest polar region to the driest deserts, from bacteria to the large
mammals. This diversity of life is a consequence of 4.5 billion year evolution
comprising the process of speciation and response to the major extinctions. The variety
of life forms, adaptation skills and measures in response to geological and
environmental factors create a boundless spectrum of life. Thus, covering all aspects
of this variety in an exact definition is a hard and evolving process (Boenigk et al.,
2015).

“Why are there so many kinds?”, “What is the relation of a kind to its individual
representatives?”, “Why is there an order in nature?”, “Are these kinds arranged
systematic ways?”. These are questions were arisen by The Greek philosophers and
they are still topical. Plato was the first one who defended that “life tends to manifest
itself in the greatest diversity” as “principle of plenitude” expression. Although Plato
was not centrally nature-oriented, Aristotle put living world to the object of his studies.
He is generally acknowledged as a founder of biological sciences since he had
developed biological descriptions and classifications. He emphasized to consider any
living organism (from the creepiest to the most spectacular) in the same way, with his
saying “in all natural things there is something marvellous” (Borghini and Casetta,
2009).

Swedish botanist Carl Linnaeus introduced a systematic classification for living
organisms in the 1700s. This classification includes hierarchical levels stating from

the most inclusive “species-level” to the most exclusive “kingdom level”. He also
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developed a binomial nomenclature system for naming species. However, this
classification includes taxa from the species (least inclusive) to the kingdom (most
inclusive). Linnaeus’s classification is based on morphological differences of
organisms. Additionally, after Darwin’s evolution theory in the 1800s, the
taxonomists directed towards phylogeny which reflects the evolutionary history of the

organisms.

Wilcox (1985) defines biodiversity as: “the variety of life forms, the ecological roles

they perform, and the genetic diversity they contain.”

During the Earth Summit (United Nations Conference on Environment and
Development (UNCED)) of Rio 1992, where 150 states signed the Convention on
Biological Diversity (United Nations Convention on Biological Diversity, CBD), the
term "biodiversity" term gain recognition in the political arena. This definition by
CBD (UNEP, 1992) is still the most acknowledged one and states that “biodiversity
means the variability among living organisms from all sources including, inter alia,
terrestrial, marine and other aquatic ecosystems and the ecological complexes of
which they are part: this includes diversity within species (1), between species (2) and
of ecosystems (3).” The Global Biodiversity Strategy (1992) developed by World
Resources Institute (WRI), International Union for Conservation of Nature (IUCN),
United Nations Environment Programme (UNEP), the Food and Agriculture
Organization (FAO) and the United Nations Education Scientific and Cultural
Organization (UNESCO) (WRI/IUCN/UNEP, 1992), adopted these three aspects of
diversity levels as below;

1. Genetic, or alpha, diversity refers to the variation of genes within species.

2. Species, or beta, diversity refers to the variety of species within a region, while
species diversity can be measured in many ways; the number of species in an area or
species richness is often used. Species diversity is also considered in terms of

taxonomic diversity, which considers the relationship of one species to another.
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3. Ecosystems, or gamma, diversity refers to numbers of species in a particular
location, the ecological functions of the species, the manner in which the composition
of the species varies within a region, the associations of species in particular areas,
and the process within and between ecosystems. Ecosystem diversity extends to the
landscape and biome level.

Noss and Cooperrider (1994) extended the definition, “Biodiversity is the variety of
life and its processes. It includes the variety of living organisms, the genetic
differences among them, the communities and ecosystems in which they occur, and
the ecological and evolutionary processes that keep them functioning, yet ever
changing and adapting.” With this definition, the ecological and evolutionary

processes are also highlighted.

2.1.1. Biodiversity Decline in Anthropocene

Human civilization was developed by the modification of nature, invading wilder
areas and consuming natural resources. Vitousek et al. (1997), stated 30-50% of the
land surface had been transformed by humans. However, over two centuries this
occupancy has pushed its limits and has accelerated tremendously and now this era is
named as ‘Anthropocene’ (Mauser, 2006). This new definition marks the human
interference to nature whose metabolism is impacting by the dominant force as
humankind. Millennium Ecosystem Assessment (MEA, 2005) named the global
challenges that threats biodiversity as “big five”. Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES) report (2019), ranked these
impacts in their magnitude as (1) changes in land and sea use; (2) direct exploitation
of organisms; (3) climate change; (4) pollution and (5) invasive alien species.
Consequences of ‘global change’ include changes in the climate system, alteration of
natural cycles, and also socio-economic systems. Some important indicators of change

related to human activities within the last century are shown in Table 2.1.
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Table 2.1. Some indicators of change caused by human activities (Crutzen, 2006)

Indicator Increase/ | Change Factor
Decrease | (1800s-1900s)

World Population + 4

Urban Population + 13

Global Economy + 14

Industrial Output + 40

Energy Use + 16

Coal Production + 7

Carbon dioxide emissions + 17

Sulphur dioxide emissions + 13

Water use + 9

Marine fish catch + 35

Cattle population + 4

Irrigated area + 5

Cropland + 2

Forest area - 20%

Blue whale population (Southern Ocean) | - 99.75%

Bird and mammal species - 1%

Due to the decline in biodiversity and ecosystems, ecological processes on which the
survival of humankind depends on via the goods and services, disappear globally
(Walpole et al., 2009; Tittensor et al., 2014). The direct loss of biodiversity in local,
regional and global extents, and simplification of diverse habitats into lesser diverse
habitats with more dominant species occupancies are seen many places globally
(Pereiraetal., 2012). However, the speed, intensity and selectivity of biodiversity loss

varies spatially and temporally (Edie, 2018). Not only the importance, magnitude and
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severity of the change among ecosystems and regions but also the interactions and the

feedbacks changes and limit the resilience of ecosystems.

The exceptional loss of biodiversity over the last few centuries has been highlighted
as “sixth mass extinction” (Ceballos et al., 2015). Mass extinction events were
concluded with almost 75% of species loss within a geologically short period of time.
Considering the previous five extinctions throughout earth’s five billion years of
history, mass extinctions had triggered new formations or dominance such as from
anaerobic bacteria through oxygen-generating algae. This innovation of life forms
enabled recovery. Also, some abrupt changes such as an asteroid crash stimulated
various organisms to evolve. Somehow earth overcame these mass extinctions.
However, today the loss rate is higher than ever. Examples are listed by Ceballos et
al. (2015) as follows (by using IUCN vertebrate data since 1500); 338 species have
gone extinct (EX) and 279 species have gone extinct in the wild (EW). And most
extinctions had occurred in the last century. And biodiversity loss is connected with
global change as mentioned before as ‘Anthropocene’. The globalization,
modernization, and economic development are major socio-economic drivers which
cause the land cover changes, expansion of urban and agricultural areas, deforestation,
over-harvesting, pollution and alteration of ecosystems which cause invasion and
infection. These changes not only responsible for biodiversity crises but also for
climate change. These global crises are connected and trigger each other. Biodiversity
change is both a cause and an important indicator of threat. Another catastrophe is
losing the information of billions of years of mutations and adaptations embedded in
evolution. Development in biotechnology is still far away to catch and understand the
knowledge of the past. Losing diversity means losing billions of years’ knowledge on

evolution history that has a great opportunity for future (Scholes et al., 2017).

Humans are interested in biodiversity whether ethical, aesthetic, or utilitarian reasons.
Ethical reasons comprise the rights of other organisms to live and also for the
consideration of future generation legitimacy. Aesthetic reasons comprise the

conservation of beauty and variety of nature for admiration. And lastly, human’s
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survival and well-being depend on nature. In the following title, this utilitarian

approach is explained further as “ecosystem services” title.

2.1.2. Human Dependence on Ecosystem Services

Biodiversity is vital for human survival. Agriculture and fisheries, medicine,
pharmaceuticals are examples of ecosystem goods; these directly harvested goods are
components of biodiversity. Also, various ecosystem mechanism and processes at
different scales regulates the state, provide stability of the service and thus human
well-being (Mace et al., 2012; Cardinale et al., 2012). Water regulation, carbon
sequestration, and waste assimilation are fundamental samples of ecosystem services
that humans benefit from nature (MEA, 2005). Beside these examples, intangible

benefits such as cultural values are also provided by nature.

Ecosystem services can be categorized into four groups (Figure 2.1). Provisioning
services are goods that are harvested and directly used by humans. They often have
market values. Since they are tangible, the provisioning services are the most
acknowledged. Regulating services are byproducts of fundamental ecosystem
processes and functions; climate regulation, water quality, soil fertility, flood
protection are some examples. The regulating services do not have a market value,
indirect calculations are used. Cultural services are related with experiencing the
nature; spending time, developing a sense of place and identity, attaching spiritual and
aesthetics values are intangible benefits to humans (Balvanera et al., 2017). In general
recreation and tourism have market values but other services in this category are
valued by cognitive approaches. The last category is the supporting services that are
composed of the indispensable process of ecosystems such as nutrient retention,
primary production etc. These are crucial for the delivery of the other services and
thus the existence of life on earth. Any service is provided by a particular ecosystem
depends on specific components of biodiversity and its interaction with society. For

example, the capacity of provisioning services and partly cultural services depend on
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the abundance of species (non-forest timber products, area of a national park as a
recreation opportunity). However, species richness and composition are also effecting
mainly supporting and regulating services (Tilman et al., 2001; Pereira and Cooper,
2006).

Provisioning services Regulating services Cultural services
Products obtained Benefits obtained Non-material
from ecosystems from regulation of benefits obtained
ecosystem processes from ecosystems

W Food B Climate regulation W Spiritual and religious

B Fresh water B Pest regulation B Recreation and ecotourism

H Fuelwood B Runoff regulation B Aesthetic and inspirational

M Fiber m Water purification M Educational

W Biochemicals W Pollination M Cultural heritage

W Genetic resources W Erosion regulation M Existence values

Supporting services
Services necessary for the production of all other ecosystem services

m Soil formation m Nutrient cycling = Primary production m Provision of habitat m Oxygen production

Biodiversity: Life on Earth

Figure 2.1. Classification of Ecosystem Services (Pereira and Cooper, 2006)

2.2. Biodiversity of Turkey

Turkey has high levels of biodiversity. Elevation ranges that start from sea level and
exceed 5000 meters, had enabled speciation and intraspecific diversity during the last
glacial maximum (Médail and Diadema 2009; Bilgin, 2011). Mediterranean basin,
Caucasus and Irano-Anatolian hotspots meet in Turkey (Mittermeier et al., 2011) and
Turkey is the only country where nearly its entire area is covered by three hotspots
(Sekercioglu et al., 2010) (Figure 2.2).
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Figure 2.2. Biodiversity hotspots of Turkey (Noroozi et al., 2019)

taxon numbers are presented in Table 2.2 (Zeydanli et al., 2020).

Table 2.2. Taxon numbers (Zeydanli et al., 2020)

Approximate

Species Group number

Vascular plants 11.840
Birds 551
Freshwater fish 389
Mammals 176
Reptiles 149
Amphibians 35
Butterflies 377

plants associated with the IUCN Red List is presented in Table 2.3.
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In Turkey, 168 mammals (Sekercioglu et al., 2011), 502 birds (Kiziroglu, 2008), 236
fish (Kuru, 2004), 11 turtles, 63 lizards, 55 snakes (129 reptiles) and 28 amphibians
(Baran et al., 2012) exist. The numbers are updated with ongoing efforts. The updated

Plant richness and abundance of endemic plants has been an interesting topic when
considering biodiversity of Turkey. New plants are discovered approximately at a rate

of more than one species per week (Ozhatay and Byfield, 2003). The distribution of



Table 2.3. The distribution of plans according to IUCN red list categories (Ekim and Giir, 2017)

EX |CR |EN |VU | LC-NT |DD |NE | Total

Red List of Plants 10 422 | 774 | 705 | 1541 223 | 3 3678
(Ekim et al., 2000)
Updated version 3 1328 | 675 | 624 | 1264 130 | 28 | 4052

(Ananoymus, 2017)

Turkey is located at the intersection of two major Vavilovian gene centers — the
Mediterranean and the Near Eastern gene centers, both of which had a key role in the
emergence of cereals and horticultural crops from such genera as lint (Linum), onion
and garlic (Allium), barley (Hordeum), wheat (Triticum), oat (Avena), chickpea
(Cicer), lentil (Lens), pea (Pisum), grape (Vitis), almond (Amygdalus), plum (Prunus),
and sugarbeet (Beta). There are five micro-gene-centers in which more than 100
species display wide variation and which are the origin or center of many important
crops and other economically important plant species such as medicinal plants and
fruit tree species. These micro-gene-centers offer very important genetic resources for
the future sustainability of many plant species cultivated across the world. These
centers are (1) Thracian and Aegean area, (2) Southern and Southeastern Anatolia, (3)
Samsun, Tokat, and Amasya provinces, (4) Kayseri Province and its surroundings, (5)

Agr Province and its surroundings (FAO, 2018).

In addition to species richness ecosystem richness is also an enormous value for
diversity. The wilderness areas and old-growth forests contributes to the functional
and composition diversity of Turkey (Zeydanl et al., 2020). Forests, steppes, arable
lands, wetlands, inland waters as well as mountain, coastal and marine ecosystems
diversify Turkey. CORINE land cover map (2018) which was showed in Figure 2.3
reflects the diversity of various land cover types in Turkey.
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Figure 2.3. CORINE 2018 Land Cover Map of Turkey

Another schematization of ecosystem diversity is presented in Figure 2.4. This map
which was produced by Olson et al. (2001) distributed by WWEF, reflects the terrestrial

ecoregions of Turkey.
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Figure 2.4. Terrestrial Ecoregions of Turkey (Olson et al., 2001)
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Another contribution was done by Atalay et al. (2014) for assessing the ecoregions of
Turkey (Figure 2.5).

B LACKSEA GEORGIA

AEGEAN SEA

MEDITERRANEAN

CYPRUS

Figure 2.5. Ecoregions of Turkey (Atalay et al., 2014)

However, this astonishing diversity is threatened by several factors and the negative
impacts over biodiversity is accelerating day by day. Population rise, developmentalist
obsession, and interest in the rapid growth of economy exhaust the natural capital of
Turkey. Energy consumption and demand toward hydro-electric power plants together
with irrigation projects cause huge destructions in freshwater ecosystems and
wetlands. Overgrazing and erosion degrade steppes and rangelands. Forest fires,
deforestration and timber production threat the forests. Habitat loss occurs in coastal
areas and maquis and phyragana shrublands due to construction of summer houses
and tourism facilities (Evrendirek and Doygun, 2000; Sekercioglu et al., 2011).
Kahraman et al. (2012) listed the major activities threatening the gene pool of Turkey
as over-grazing of meadow and grassland, erosion, stubble burning, agricultural

practices by machine, irregular and excessive use of pesticides in agriculture, drying
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of wetlands, dams, urbanization, industrialization, household and industrial waste,

global warming, excessive hunting and collection and climate change.
2.3. Agents of Biodiversity Monitoring

Scholes et al. (2012) listed the main stakeholders of biodiversity monitoring
community as; national biodiversity and natural resource communities; nature
conservation and management agencies; national government departments
responsible for biodiversity-related international treaty obligations; the treaty
secretariats and United Nations organisations; non-governmental organisations (both
national and international), and a variety of mostly science institution-based
biodiversity information centers involved with the monitoring and conservation of
biodiversity. In this section, the agents are grouped in international, regional and

national levels and some political remarks have been presented for each level.

2.3.1. International Policies and Organizations

Turkey is a party to thirty international treaties and conventions on the environmental
aspect’. Table 2.4, shows the international conventions and protocols that require
biodiversity monitoring directly or indirectly. Convention on Biological Diversity
(CBD) is mentioned frequently in previous sections since its particular focus on
biodiversity. However other conventions for instance UNFCCC (United Nations
Framework Convention on Climate Change) and UNCCD (United Nations
Convention to Combat Desertification) mandate environmental monitoring and
suggest standardized monitoring terminology at ecosystem level for monitoring
mitigating greenhouse gasses or desertification. Among these treaties, biodiversity
monitoring politically and also scientifically are significantly mentioned in CBD. The
COPs (Conference of the Parties) are triggering the topic and enables the generation

of many other international organizations. Thus, CBD’s success and failures in

L http://www.mfa.gov.tr/ulkemizin-taraf-oldugu-baslica-cevre-anlasmalari.tr.mfa
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achieving its targets are given in detail. Additionally, Sustainable Development Goals

(SDGs) as another mainstreaming global agenda are discussed further.

Table 2.4. International treaties that Turkey has been ratified

Annotation Name Year |Place Yer?lr_ of i
ratification

Ramsar « Convention on Wetlands 1971 |Ramsar 1994
Convention on International

CITES «* Trade in Endangered Species |1973 |Washington |1996
of Wild Fauna and Flora
Convention on the

Bern «* Conservation of European 1976 |Bern 1984
Wildlife and Natural Habitats
United Nations Framework Rio de

UNFCCC° | Convention on Climate 1992 . 2004

Janeiro

Change
The Kyoto Protocol on the
United Nations Framework

Kyoto © Convention on Climate 1997 1 Kyoto 2009
Change

CBD * C(_)nver]tion on Biological 1992 Rio (_1e 1996
Diversity Janeiro
The Cartagena Protocol on

Cartagena ¢ Biosafety to the Convention |2000 |Cartagena 2004
on Biological Diversity
United Nations Convention :

UNCCD* to Combat Desertification 1994 | Paris 1998

Barcelona «* Mediterranean AC“.O n Plan- 1995 |Barcelona  |2002
Barcelona Convention

ELC The European Landscape | )50 | Eorence | 2003
Convention
Convention concerning the

UNESCO Protection of World Cultural |1972 |Stockholm 1983
and Natural Heritage

 Monitoring of biodiversity is required/proposed
° Monitoring of land cover/ land use is required/proposed
* Monitoring targets have been set in particular lists (species, ecosystems, etc.)
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2.3.1.1. Convention on Biological Diversity (CBD) and
Aichi Targets

Convention on Biological Diversity (CBD) is the most important political instrument
in terms of conserving biodiversity, globally. Since its development at the Rio Earth
Summit in 1992, several targets have been imposed on countries for preventing
biodiversity loss. In 2002, UNEP (2002) set the target as “to achieve by 2010 a
significant reduction of the current rate of biodiversity loss at the global, regional and
national level as a contribution to poverty alleviation and to the benefit of all life on
Earth”. Similarly, twenty targets to be met by 2020 were defined under five strategic
goals as Aichi Targets in 2011. These goals are;

e Strategic Goal A: Address the underlying causes of biodiversity loss by
mainstreaming biodiversity across government and society

e Strategic Goal B: Reduce the direct pressures on biodiversity and promote
sustainable use

e Strategic Goal C: To improve the status of biodiversity by safeguarding
ecosystems, species and genetic diversity

e Strategic Goal D: Enhance the benefits to all from biodiversity and ecosystem
services

e Strategic Goal E: Enhance implementation through participatory planning,

knowledge management and capacity building

Unfortunately, these ambitious goals were not achieved as they planned. Many authors
highlighted several reasons behind this failure. The voluntarily reporting on selected
indicators creates confusion for comparison and harmonization. Setting a list of
biodiversity indicators list distracts monitoring focal from providing biodiversity data
for certain aspects and minimum standards, and it may cause the unclear delivery of
messages to decision-makers (Scholes et al., 2008; Pereira et al., 2013). Many
developing countries choose their reporting indicators according to the available
substantial data. The reporting mostly rely on data gathered for other purposes and
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generally covers short time spans. Coverage of protected areas together with the extent
of forest and forest types indicators are the most common reported indicators (Walpole
et al., 2009; Butchart et al., 2010; Collen and Nicholson 2014). Tittensor et al. (2014)
highlighted that only a few indicators are capable on reflecting accurate trend
information. Most of them are difficult to interpret thus sometimes misguide the
policies, especially on a global scale based on their temporal and spatial coverages.

Only sixteen Aichi Targets have reliable metrics for monitoring progress.

Even so, the agenda mandated by CBD with global coordination is a great success.
The creation of the national biological diversity strategy and action plans, shape the
biodiversity strategies and policies in many countries, and push them to monitor

measures and report ecological, evaluative and performative indicators.

Governments are in the process of developing a post-2020 global biodiversity

framework that will guide actions in the decades to come (CBD, 2020).

Turkey had prepared “The National Biological Diversity Strategy and Action Plan
2018-2028” and contributed the Aichi Target 17. Recently 6™ National Report? was
presented to CBD secretariat. The report section in achieving Aichi targets (Section
V) left empty.

2.3.1.2. Sustainable Development Goals (SDGSs)

United Nations is the key organization in defining the global agenda in sustainability
perspective, it aims to bring together the nations with its decadal meetings. The first
stimulated effort is the 1972 The United Nations Conference on the Human
Environment namely as Stockholm conference. In 1982 Kenya summit was not
successful because of the enmity during the cold war period. But afterwards, a
remarkable report was published and guided the sustainability debates. Our Common
Future report (Brundtland et al.,, 1987), emphasizing the environmental and

development concerns and formulated a new way of thinking in policy and action

2 https://chm.cbd.int/database/record?document|D=249347
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related to sustainability concept. In 1992 at the Rio Earth Summit, the nations built a
global partnership for sustainable development and parties adopted Agenda 21. In
that conference three important conventions were opened to signature: (1)
The Convention on Biological Diversity, (2) United Nations Framework Convention
on Climate Change, (3) United Nations Convention to Combat Desertification. The
Millennium Development Goals (2000-2015) were the results of these Earth Summits.
In 2015 the United Nations General Assembly adopted the 2030 Agenda for
Sustainable Development, along with a set of seventeen goals (2015-2030)
(Figure 2.6) to end poverty, improve health and education, reduce inequality, and
develop economic growth and ensure prosperity for all while tackling climate change
and preserve the oceans and forests. The UN Sustainable Development Goals

constitute a universal, integrated and transformative vision for the world.
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Figure 2.6. Sustainable Development Goals

To achieve the 17 SDGs, 169 targets have been identified. However, these targets are
qualitative and offer space to governments in interpreting and implementing the goals

(Biermann et al., 2017). Biermann (2017) also criticized unless quantitative and
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clearly defined, appropriate indicators would be defined, the weak implementation and
governance might cause struggles in achieving goals. At this point, Reyers et al.
(2017) present a similar approach to EBVs or ECVs, namely Essential Sustainable
Development Goal Variables (ESDGVs) and a condensed sectoral set core ESDGVs
for monitoring purposes and for a common standard reporting. ESDGVs comprise a

system approach and integrates biophysical, social, economic subsystem models.

Reyers and Selig (2020) highlighted the link between the decline of ecosystem
services and biodiversity and their negative impacts on SDGs. They used IPBES
assessment in their analyses and revealed that only 35 targets can be evaluated among
150 targets. And all of the 35 targets demonstrate negative or insufficient progress.
The other finding is data and knowledge gap limits our ability to monitor achievement
and to link the target with biodiversity and ecosystem services.

2.3.1.3. Intergovernmental Science-Policy Platform on

Biodiversity and Ecosystem Services (IPBES)

IPBES was established in 2012 by more than a hundred governments for to strengthen
knowledge foundations for a better policy through science, for the conservation and
sustainable use of biodiversity, long-term human well-being and sustainable

development (https://ipbes.net/history-establishment). It rooted from Busan outcome

that declared “an intergovernmental science-policy platform for biodiversity and
ecosystem services should be established” in UNEP’s Third ad hoc intergovernmental
and multi-stakeholder meeting on an intergovernmental science-policy platform on
biodiversity and ecosystem services in 2010. The Platform’s conceptual framework
includes six interlinked elements constituting a social-ecological system that operates

at various scales in time and space:

e Nature
e Nature’s benefits to people

e Anthropogenic assets;
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¢ Institutions and governance systems and other indirect drivers of change;
e Direct drivers of change

e Good quality of life.

Up to now several reports, assessments and decisions have been published by IPBES,
guide the policy globally. IPBES 2030 work programme? focuses on three topics, six

objectives and fourteen sub-objectives. The three topics are;

1. Understanding the importance of biodiversity in achieving the 2030 Agenda
for Sustainable Development

2. Understanding the underlying causes of biodiversity loss and determinants of
transformative change and options for achieving the 2050 Vision for
Biodiversity

3. Measuring business impact and dependence on biodiversity and nature’s

contributions to people

2.3.1.4. The International Union for Conservation of
Nature (IUCN)

IUCN is a membership union composed of both government and civil society
organisations. It was established in 1948. It harnesses the experience, resources and
reaches of its more than 1,400 Member organisations and the input of more than
15,000 experts. This diversity and vast expertise make IUCN the global authority on
the status of the natural world and the measures needed to safeguard it

(https://www.iucn.org/about). The six commissions focusing on diverse topics of

conservation and sustainable development.

e CEC - Commission on Education and Communication: promoting ecosystem-

based approaches for the management of landscapes and seascapes,

3 https://ipbes.net/work-programme
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e CEESP- Commission on Environmental, Economic and Social Policy:
harmonizing nature conservation and the critical social, cultural,
environmental, and economic justice concerns of human societies.

e SSC — Species Survival Commission: influencing, encouraging and assisting
societies to conserve biodiversity by building knowledge on the status and
threats to species

e WCEL - World Commission on Environmental Law: advancing
environmental law to strengthen the legal foundations of conservation of
nature and sustainable development

e WCPA - World Commission on Protected Areas: developing knowledge-
based policy, advice and guidance on the full suite of issues surrounding
protected areas

The most acknowledged product of IUCN is the Red List of Threatened Species

(https://www.iucnredlist.org/). It was generated in 1964 and updated regularly. It is

the most comprehensive data source on the global extinction risk of species.

IUCN also played a fundamental role in the creation of key international conventions,
including the Ramsar Convention on Wetlands (1971), the World Heritage
Convention (1972), the Convention on International Trade in Endangered Species,
(1974) and the Convention on Biological Diversity (1992). Later in the 2000s, IUCN
pioneered ‘nature-based solutions’ — actions to conserve nature which also address
global challenges, such as food and water security, climate change and poverty

reduction.

2.3.1.5. World Conservation Monitoring Centre (UNEP-
WCMC)

UNEP- WCMC is a partnership organization and established under UN umbrella.
Their partners are UN agencies and other inter-governmental organizations, national
governments, secretariats of multilateral environmental agreements, international and

national non-governmental organizations (NGOSs), the private sector, and academic
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and research institutions. Its mission is defined as “to provide authoritative
information about biodiversity and ecosystem services in a way that is useful to
decision-makers who are driving change in environment and development policy”.
Specifically, they collaborate with data access, data management, data processing with
biodiversity information systems. Apart from several online tools and reports, they
share global spatial data and maps such as: world database on protected areas, global
wetlands, global wilderness, world dryland areas, centers of plant diversity, etc.

(https://www.unep-wcmece.org/).

2.3.1.6. Group on Earth Observations (GEO)

The Johannesburg Declaration on Sustainable Development and the Plan of
Implementation, adopted at the World Summit on Sustainable Development in South
Africa in 2002, the global and accurate data deficit was highlighted and underlined the
urgency of filling data gap. Later, a voluntary organization composed of 111
governments and 129 participating international organizations has formed the GEO in
2005. GEO’s global priorities include supporting the UN 2030 Agenda for Sustainable
Development, the Paris Climate Agreement, and the Sendai Framework for Disaster
Risk Reduction. In addition to over 70 Work Programme activities and initiatives that
address global needs, coordination and knowledge gaps. The GEO community
generated the Global Earth Observation System of Systems (GEOSS) and has already
made more than 400 million data and information resources accessible online
(www.geoportal.org). The national and regional providers such as The National
Aeronautics and Space Administration (NASA) and European Space Agency (ESA);
international organizations such as World Meteorological Organization (WMO) and
the commercial sector such as Digital Globe contribute the open-source data portal.
Two flagships (GEO Biodiversity Observation Network (GEO BON), Global Forest
Observation Initiative (GFOI)); eight initiatives and five community activities are
actively working in GEO umbrella. The Essential Biodiversity Variables which are in

the core of this dissertation was produced by GEO BON community.
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2.3.1.7. The Biodiversity Indicators Partnership (BIP)

The Biodiversity Indicators Partnership (BIP) was established in 2007 in response to
monitor progress towards intergovernmental targets. It is a global initiative to promote
and coordinate the development and delivery of biodiversity indicators for use by
several international conventions and treaties such as CBD, SDG, and IPBES. They
guide the indicator development and selection by setting standards. BIP also ease to
indicator match by categorizing the policy context (Aichi Targets, SDGs) and also
themes: Terrestrial, marine & freshwater habitats, policy & conservation actions,
species, pollution, sustainable use of natural resources and land, finance, research and

knowledge, agriculture (https://www.bipindicators.net/).

2.3.2. Regional Policies and Organizations

2.3.2.1. European Union Legislation

European Union has developed strong legal tools to protect biodiversity across the
continent. The main pillars are Birds and Habitat Directives. Birds Directive aims to
protect wild birds of Europe. The Directive prohibits activities that directly threaten
birds. Furthermore, it prohibits activities that directly threaten birds. It also designates
almost 200 bird species as particularly threatened and requires Member States to
establish Special Protection Areas (SPAS) to ensure that the most suitable areas are
protected for the conservation of these bird species and migratory birds that occur in
the EU. These Special Protection Areas are part of the Natura 2000 ecological network
established under the Habitats Directive. Similar to the Birds Directive, the Habitat
Directive Annex highlights almost 1200 particular species mostly endangered or
vulnerable and habitat types. The most important outcome of the directives is Natura
2000 sites. Natura 2000 network composed of outstanding natural areas where the
typical and most threatened habitats and species of Europe are protected and restored.

Monitoring and reporting the status of sites are done territorially in six years intervals.
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Although Turkey is not a member state yet, establishing a network of protected areas
by using Natura 2000 concept is under the focus of General Directorate of Nature
Conservation and National Parks. Recently “Technical Assistance for Strengthening
the National Nature Protection System for Implementation of Natura 2000
Requirements” project has been executed by GDNCNP, in which Central Anatolian
Region is studied (http://natura2000.0rmansu.gov.tr/).

The 2030 Biodiversity Strategy of EU*, defines key commitments in the following

elements;

e Establishing a larger EU-wide network of protected areas on land and at sea,
building upon existing Natura 2000 areas, with strict protection for areas of
very high biodiversity and climate value.

e An EU Nature Restoration Plan - a series of concrete commitments and actions
to restore degraded ecosystems across the EU by 2030, and manage them
sustainably, addressing the key drivers of biodiversity loss.

e A set of measures to enable the necessary transformative change: setting in
motion a new, strengthened governance framework to ensure better
implementation and track progress, improving knowledge, financing and
investments and better-respecting nature in public and business decision-
making.

e Measures to tackle the global biodiversity challenge, demonstrating that the
EU is ready to lead by example towards the successful adoption of an
ambitious global biodiversity framework under the Convention on Biological
Diversity.

4 https://ec.europa.eu/environment/nature/biodiversity/strategy/index en.htm
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2.3.2.2. New Agenda: European Green Deal

European Green Deal® is an action plan developed sequentially with “EU Biodiversity
Strategy for 20307, “EU strategies for energy system integration and hydrogen” and
“EU Climate law”. It focuses “to boost the efficient use of resources by moving to a
clean, circular economy” and “to restore biodiversity and cut pollution” and put an
ambitious goal as making the Europe climate neutral by 2050. It has nine policy areas:
biodiversity, from farm to fork, sustainable agriculture, clean energy, sustainable
industry, building and renovating, sustainable mobility, eliminating pollution and

climate action.
2.3.2.3. Barcelona Convention

In 1995, the Action Plan for the Protection of the Marine Environment and the
Sustainable Development of the Coastal Areas of the Mediterranean was adopted
by the Contracting Parties to replace the Mediterranean Action Plan of 1975.
Turkey has ratified the convention in 2002. Although this convention focuses the
marine realm, it has a particular impact on the development of a protected area
network of Turkey by introducing a new category “Special Environmental
Protection Areas”. Today, these areas occupy 35% of the total protected area

coverage (calculated from

Table 2.7).

2.3.3. National Policies and Organizations

2.3.3.1. Governmental Organisations

The eldest institution is General Directorate of Forestry and rooted back to the

Ottoman Empire. It was established in 1839 under the “Trade and Agriculture

5 https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal/actions-being-
taken-eu_en
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Ministry” as the name of “Forest Directorate” (GDF, 2020). The environmental crimes
such as pollution and illegal constructions were dealt by “Soubashi” who was an
Ottoman gubernatorial title used to describe different positions within Ottoman
hierarchy. The term was also used for the commander of the town or castle in the
Ottoman Empire, an ancient version of the chief of police (Wikipedia, 2020).

After the republic was established in 1923, as a consequence of the parliamentary
system, ministries became notable structures that have arranged policies, legislations
and management. Until now there were several changes such as separations when the
public services need diversification and particular attention or assembling when the
legislative force needs to strengthen the responsibilities need to be unified (Lamba et
al., 2014). As a consequence of these frequent changes nature protection and use of
natural resources cannot gain a well-established character and a strong basin in

national policies.

The Ministry of Forestry was established in 1969 and had continued its activities until
1981. In that year the Ministry of Forestry had joined with Ministry of Agriculture. In
1991, it was divided again as a separate ministry. Until 2003, the forestry and
agriculture issues are evaluated as parallel topics and subject to rural services. In 2003,
The Ministry of Environment and Forestry was joined. Later in 2011, a major change
in structural organization occurred. The Environment section was joined with the
former Ministry of Public Works and Settlement and the Forestry section was joined

with the General Directorate for State Hydraulic Works (Figure 2.7).
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1969 Ministry of Forestry

1981 Ministry of Agrlculture and Forestry

1991 Ministry of Forestry 1991 Ministry of Environment

2003 Ministry of Environment and Forestry

2011 Mlnlstrv of Forestry and Water Affairs 2011 Ministry of Environment and Urbanization

2018 Ministry of Agrlculture and Forestry

Figure 2.7. The arrangements in Ministries throughout the republic

The protection of nature has been issued by several arts and legislations were governed
by several departments up to 1970. The first independent and relevant structure was

established in 1973 as the "Environmental Problems Coordination Board".

In order to determine the basic policies for environmental protection, to prepare plans
and projects related to the subject, and to ensure coordination between the relevant
ministries and institutions in their implementation, the “Prime Ministry Environment
Organization” was established in 1978. Environment Law No. 2872 dated 09.08.1983
has entered into force to address environmental issues in an integrated manner. With
the Decree Law No. 222 dated 08.06.1984, the General Directorate of Environment
was established as an institution with a legal personality, with an added budget and is

responsible for implementing the Environmental Law.

With the Decree Law No. 383 of 19.10.1989, as another institution related to
environmental protection, the Presidency of the Special Environmental Protection

Agency with legal personality was established under the Prime Ministry. Then, it was
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closed in 2011 and the General Directorate of Protection of Natural Assets was

established under the Ministry of Environment and Urbanization.

The constitution of ministries and structural changes are linked with national acts and
international conventions. The Figure 2.7 has been updated by adding these
milestones. In Figure 2.8 the right hand side shows the international conventions and
treaties starting with Bern Convention and accelerated in the 90s with several treaties;
Ramsar Convention, CITES, CBD and UNCCD. The first decade of 2000 is another
golden era considering the international relations such as Barcelona Convention,
European Landscape Convention, Cartagena Protocol, UNFCC and Kyoto Protocol.
These conventions and agreements form an important backdrop to the issues
surrounding biodiversity. And they are a significant pressure driving the development
of a strong basin for biodiversity conservation.

1956, 6831 Forest Law

1958 Yozgat Camligi National Park

1956, 6831 Forest Law

1969 Ministry of Forestry
1983, 2873 National Parks Law 1981 Ministry of Agriculture and Forestry i-1994, Ramsar Convention
"""""""""""""""""""" 1984, Bern Convention 11996, CITES
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11996, CBD

11998, UNCCD
1991 Ministry of Forestry 1991 Ministry of Environment E
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2003, Land Hunting Law - . H !
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5004, Wildiire Fecerve Regaiation] 2003 Ministry of Environment and Forestry ,
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1986, National Parks Regulation

2009, Kyoto Protocol

2;1;;17/2”1 Protected Area Regulation 2011 Ministry of Forestry and Water Affairs 2011 Ministry of Environment and Urbanization
2014, Protection of Wetlands Regulat\un
2018 Ministry of Agriculture and Forestry

Figure 2.8. Milestones in biodiversity conservation and management
The important developments in national policy perspective have been listed on the left
side of the Figure 2.8 also presented in Table 2.5. The 2873 National Parks Law
become prominent among 35 laws, 3 decree laws, 23 regulations and 10 circulars for
the conservation of the environment (Birben, 2019). The frequency of changes in

recent years, particularly in the regulation of protected areas, is appalling.
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Table 2.5. Milestones in National acts and regulations

Year Act/ development

1956 6831 Forest Law

1958 Declaration of 1% protected area; Yozgat Camlig1 National Park
1983 2873 National Parks Law

1983 2863 Conservation of Cultural and Natural Assets Law
1986 National Parks Regulation

1989 Agency for the Protection of Special Area

2003 Land Hunting Law

2004 Wildlife Reserve Regulation

2004 5199 Animals Protection Law

2010 General Directorate for Protection of Natural Assets
2012 Protected Area Regulation Change

2013 Protected Area Regulation Change

2017 Protected Area Regulation Change

2020 Protected Area Regulation Change

The major departments responsible for the protection of biodiversity is presented in

Table 2.6. Two types of protection in-situ and ex-situ have been established

Ex-situ conservation is achieved through establishing gene banks, seed banks, zoos
etc. and in general, the genetic material is preserved. Early studies had begun in 1933
for agricultural seeds (covering almost 50.000 seed samples) by Ministry of
Agriculture and Ankara University. Atatiirk and Cukurova Universities have seed
banks and Istanbul University and Aegean University have arboretums and botanical
gardens. Then, the National Seed Bank was established in 1972 in Izmir. There were

13 institutes which had gene banks in 1998 (NBDSAP, 1998) and raised to 16 in 2007

2.3.3.1.1. Ex-situ conservation
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(NBDSAP, 2007). The seeds of endemic plants collected under the “Turkish Endemic

Plants Project” between 1992 and 1997 are also preserved in the National Gene Bank.

Ex-situ conservation of forest trees (seed gardens, origin trials, progeny trials) were
executed by the Ministry of the Environment and Forestry, especially by the
Directorate of Forest Trees and Seeds Improvement and Research. A total of 169 seed
gardens in 8 species, a total of 35 seed plantations in 19 species and a total of 13 clone
parks in 5 species had been established to date (NBDSAP, 2007).

2.3.3.1.2. In-situ conservation

The protected areas are under the responsibility of the matching directorates. Only the
biodiversity related departments are placed in the Table 2.6.

Table 2.6. The protected areas and responsible general directorates

Ministry | Departments Protected Areas
GENERAL DIRECTORATE OF National Parks
NATURE CONSERVATION AND | Nature Parks
NATIONAL PARKS Nature Conservation Areas
Department of National Parks Nature Monuments
Department of Vulnerable Areas Wildlife Conservation Areas

Department of Biological Diversity Ramsar Areas

Department of Hunting Management | Nationally Important
Department of Nature Conservation | Wetlands

Department of Wildlife Management | Wetland of Local Importance

Ministry of Agriculture and Forestry

GENERAL DIRECTORATE OF Protection Forests
FORESTRY Gene Conservation Forests (in-
Department of Non-timber Forest situ)
Products and Services Department Seed Stands
Department of Forest Management
and Planning
= GENERAL DIRECTORATE OF Special Environmental
] CONSERVATION OF NATURAL | Protection Areas
« £ & | HERITAGE Natural Sites
2 € & | Department of Research and Natural Assets
3 S S | Registration
E 2 2 | Department of Conservation and
= uw>

Monitoring
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Table 2.6. The protected areas and responsible general directorates (continued)

Ministry | Departments

Protected Areas

GENERAL DIRECTORATE OF
CULTURAL HERITAGE AND

5 2

N MUSEUMS

o £

B 5.2 Headquarters

£5 3 Provincial Organizations

=0 F Constant Scientific Committees

UNESCO World Heritage
Sites

Archaeological Sites
Urban Sites

Historical Sites

Urban Archeological Sites

Protected areas provide shelter areas to biodiversity and secure the survival of

organisms. They are important tools to conserve biodiversity and also improves the

wellbeing of the local community (Stolton et al.,

ecosystem services were presented in Figure 2.9.

SUPPORTING SERVICES

2015). The benefits through

(i.e. services necessary for the provision of all other ecosystem services)

> Ecosystem process maintenance (soil formation, nutrient cycling, primary production etc.)

] Lifecycle maintenance (nursery habitats, seed dispersal, species interactions etc.)

) Biodiversity maintenance and protection (genetic, species and habitat diversity)

—

PROVISIONING SERVICES REGULATING SERVICES CULTURAL SERVICES
(i.e. ecosystems’ability to provide resources) (i.e. ecosystems’ beneficial regulatory processes) (i.e. ecosystems’ non-material benefits)
2 Food provisioning 2 Climate regulation o Opportunities for recreation and tourism
2 Water provisioning < Natural hazards regulation 2 Aesthetic values
] Provisioning of raw material (timber, < Purification and detoxification of water, air 2 Inspiration for the arts

wood, fuel, fibre) and soil -
_ =/ Information for education and research
> Provisioning of medicinal resources / = Water / waterflow regulation

biochemicals (natural medicines,

: g = Erosion and soil fertility regulation
cosmetics, pharmaceuticals etc.)
- . = Pollination
2 Provisioning of ornamental resources

- ] Pest and disease regulation
= Provisioning of genetic resources

> Spiritual and religious experience
= Cultural identity and heritage
2 Mental wellbeing and health

2 Peaceand stability

Figure 2.9. Ecosystem services of protected areas (Stolton et al., 2015).

The distribution and coverage of protection status are presented in

Table 2.7. These numbers are used in CBD reporting. When we match the global

IUCN categorization for protection status, 70 % of them has no equivalents in the
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global assessment. Sekercioglu et al., (2011) questioned the designation attributes of
protected areas (mostly steep mountains, remote areas and not consider the habitat
needs of wide range species), their isolated distribution and their position in the highly
human occupied landscapes. For example, considering the negative impacts of climate
change, organisms survival is highly dependent upon the individual capability of
movement in this fragmented network. Their distribution among several organisations
complicates the management. Also, the distribution of protected areas among
ecosystems types is not distributed fairly. Especially the grasslands, river valleys and
Mediterranean shrublands are undervalued (Eken et al., 2016; Ambarli et al., 2016).
Also, Atmig (2018) criticized the current utilisation policy within protected areas.
Many public interest projects such as mining, tourism investments etc. get permissions

even by changing the protected area status from one another.

Table 2.7. The statistics of Protected Areas as 31.12.2019 (MAF, 2020)

Ministry of Agriculture and | Number | Area (he) | IUCN
Forestry Protected Areas categorization**
National Parks 44 868.428 | Category Il
Nature Parks 247 106.836 | Category V
Strict Nature Reserve 30 46.726 Category la
Nature Monuments 116 9.389 Category Il
Wildlife Conservation Areas 82 1.159.480 | Category IV
Ramsar Areas 14 184.487 | No equivalent
Nationally Important Wetlands 56 800.588 | Category IV
Wetland of Local Importance 12 13.719 Category 1V
Protection Forests 55 251.493 | No equivalent
City Forests 134 10.198 No equivalent
Gene Conservation Forests (in- | 325 43.016 Category la
situ)

Seed Stands (in-situ) 315 41.567 No equivalent
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Table 2.7. The statistics of Protected Areas as 31.12.2019 (MAF, 2020) (continued)

Ministry of Agriculture and | Number | Area (he) | IUCN

Forestry Protected Areas categorization**
Seed Orchard (ex-situ) 202 1.457 No equivalent
SUB-TOTAL* 1.632 3.407.566

Ministry of Environment and | Number | Area (ha)

Urbanization Protected Areas

Special Environmental Protection | 18 2.586.774 | No equivalent
Areas

Natural Sites 2.574 1.784.071 | No equivalent
TOTAL* 4.224 6.777.346

* The intersections are eliminated. ** Derived from Zeydanl et al. (2020)

2.3.3.2. Strategical Documents

2.3.3.2.1. The National Biological
Diversity Strategy and
Action Plans (NBDSAP)

The General Directorate of Nature Conservation and National Parks (GDNCNP) had
prepared the national biological diversity strategy and action plan firstly in 1998 and
updated the strategy in 2007 and 2018. These strategies were delivered to CBD

secretariat to discharge the responsibility in the sixth article.
The main goals defined in each NBDSAP presented below;
1998 NBDSAP;

* Conservation and Sustainable Use
» Ecological Management
* Education and Awareness

* Incentives and Legislation
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* International Cupertino

* Implementation
2007 NBDSAP;

* GOAL 1: To identify, protect and monitor biological diversity components
which have importance for Turkey

* GOAL 2: To use biological diversity components in a sustainable manner by
applying the methods and at a level fitting to their renewal capacity by taking
the future generations’ needs into account

* GOAL 3: To identify, protect and benefit the components of genetic diversity,
including the traditional knowledge, which have importance for Turkey

*+ GOAL 4: To identify, protect and monitor the components of biological
diversity which have importance for agricultural biological diversity; to
protect genetic resources which have actual and potential values for food and
agriculture, and to ensure the sustainable use of such resources; and to ensure
the fair and equitable sharing of the benefits arising out of the utilization of
genetic resources

* GOAL 5: To protect steppe biological diversity, to ensure the sustainable use
of its components, as well as to ensure the fair and equitable sharing of the
benefits from the utilization of genetic resources; and to combat against the
loss of steppe biological diversity and the socio-economic results of that

* GOAL 6: To establish an effective monitoring, management and coordination
system for the conservation of forest biological diversity and the sustainable
use of its components

* GOAL 7: To establish an effective monitoring, management and coordination
system for the conservation and sustainable use of mountain biological
diversity, together with its different ecosystems, pursuing a holistic approach

* GOAL 8: To develop and implement effective methods for the conservation
of inland waters biological diversity, the maintenance of ecological functions

of inland waters ecosystems, and the sustainable use of these ecosystems
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* GOAL 9: To develop and implement effective methods for the conservation
of coastal and marine biological diversity, the maintenance of ecological
functions provided by coastal and marine ecosystems, and the sustainable use
of these ecosystems

* GOAL 10: To establish a mechanism for the implementation of the Biological
Diversity Strategy and Action Plan and the follow-up of implementation and

reporting
2018 NBDSAP;

* NATIONAL OBJECTIVE 1: Pressures and threats on biodiversity and
ecosystems will be determined, reduced to the possible lowest level or
removed totally

* NATIONAL OBJECTIVE 2: Biological diversity components (ecosystem,
species and genetic variability) will be determined, monitored, and species-
specific and ecosystem-based conservation approaches (traditional and
modern) will be developed by determining the current condition of
biodiversity

*+ NATIONAL OBJECTIVE 3: Conservation and sustainable management of
biodiversity of areas exposed to agriculture, forestry and fishing activities in
the country will be ensured

* NATIONAL OBJECTIVE 4: Awareness of the public and administrators on
ecosystem services will be raised, benefits from ecosystem services will be
increased and sustainable biodiversity management will be ensured

* NATIONAL OBIJECTIVE 5: Rehabilitation and restoration of ecosystems
damaged due to different reasons will be ensured, measures to prevent damage
to healthy ecosystems will be developed and legislative gaps thereon will be
fulfilled

* NATIONAL OBJECTIVE 6: In order to develop high added value products
based on knowledge and technology concerning conservation and sustainable

use of biological resources, coordination mechanisms among universities,
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public and private sectors will be established, and long-term plans and
programmes will be prepared

* NATIONAL OBJECTIVE 7: National legislation will be prepared considering
the international conventions on access to genetic resources and fair and
equitable sharing of the benefits arising from their utilization, and the

necessary technical infrastructure will be established

Each NBDSAP differs in content (Table 2.8). Early efforts (1998 and 2007) more
focused on the identification of biodiversity values and highlighting threats among
them. It is evident from the documents that the institutional capacity has risen
throughout these years. One major distinction is the major shift in stakeholders
composition while preparing the NBDSAPs. In 1998 and 2007 NBDSAPs, major
universities and NGOs included in the preparation also, the documents had featured
the projects accomplished by non-governmental institutions. However in the last
NBDSAP, the other agents’ participation into preparation was ignored, only
governmental organisations had contributed the plan. Only the projects of the
governmental organization took place in it although several large scale projects

executed by NGOs have contributed to the conservation of biodiversity.

The last NBDSAP (2018) had a section where the Aichi targets directly linked with
NBDSAP 2007 and 2018. This linkage enables to highlight the gaps such that the
foreseen activities in 2007 NBDSAP contributed to 19 targets among 20 Aichi targets,
on the other hand, 2018 NBDSAP’ activities are planned to serve 18 targets. However,
it is recognized that a number of foreseen activities have these linkages. Also, the
criteria used for evaluating the performance of NBDSAP does not match with the
index and indicators suggested for monitoring purposes by BIP. As long as the
objectives are not SMART (Specific, Measurable, Assignable, Realistic and Time-
related) (Doran, 1981) the success or failure cannot be quantified directly. For
example, the indicators in management activities are defined as the number of projects

or pilot studies. However, no threshold was identified.
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Table 2.8. Contents of The National Biological Diversity Strategy and Action Plans (NBDSAP)

1998 2007 2018
* Overview of *  Overview of Turkey’s * Implementation
Turkey’s Biodiversity status of
Biodiversity * Presentation of NBDSAP (2007-
» Presentation biodiversity and threats in 2017)
of accordance with » National
biodiversity ecosystems Legislation
and threats in » Cross-cutting issues * National
accordance + Strategic goals, priorities Biodiversity
with and actions Action Plan,
ecosystems * National Biodiversity Objectives and
* Identification Action Plan Actions
of Priority * Implementation * Monitoring
Issues Mechanism Mechanism
« Strategy and » Success criteria and the
Goals outcomes expected in the

first five years

The previous NBDSAPs (1998 and 2007) had considered the threats over biodiversity.
Also in 2007 NBDSAP a synthesis was done about the gaps and challenges, that were
listed thereon; “the lack of sufficient coordination between institutions regarding
biological diversity studies, the non-completion of inventory studies, the non-
completion of the setting up of a national database and monitoring unit yet, the
insufficient number of experts and technical staff in the relevant institutions, the
insufficient number of academic researches, the lack of experience and technology
transfer, the poor level of staff and technical facilities for monitoring, the lack of

accessible available information, and the most important of all, the lack of resources.”
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This GAP analysis was categorized into four groups: Human resources, financial

resources, infrastructure, legislation and institutional structure (Figure 2.10).
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Figure 2.10. Gap analysis conducted in NBDSAP (2007)

Currently, the species inventories have been completed. Another improvement is the
setting up of a national database and monitoring unit completed. Yet, the other
limitations are still valid. The 2007 NBDSAP, with its well-structured content,
detailed activity descriptions and time tables was the most comprehensive compared
to the other NBDSAP.

2.3.3.2.2. XI. Development Plan (2019-
2023)

The Presidency of the Republic of Turkey, Directorate of Strategy and Budget has
prepared the 11" Development Plan (2019) with the participation of various
stakeholders, governmental, non-governmental organisations and academia. The plan
highlighted the biodiversity and ecosystem integrity with the targets presented in
Table 2.9.
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Table 2.9. The biodiversity linked targets in the 11" Development Plan (2019-2023)

Goal Definition

364.3. | The infrastructure will be developed for production of chemical, floral,
biological and radiopharmaceutical (nuclear) raw material

412 Our biological diversity will be preserved in the field of local animal
breeds and seeds in agricultural production and thus the production
would be sustainable

412.1. | Biodiversity inventory will be completed, important species and special
areas will be monitored, sharing the benefits derived from genetic
resources and related traditional knowledge mechanism will be
established for the purpose of recording traditional information based on
biodiversity, and it will be made available for R&D purposes

416.2 Studies carried out with priority in the fields of protection of biodiversity,
animal and plant breeding, biotechnology will be supported within the
framework of cooperation of research institutes, public, university and
private sector

666 To ensure the sustainable development of cities; ... In this context,
prevention of environmental pollution, biodiversity and natural resources
conservation and sustainable usage is given priority

716 Biodiversity and genetic resources detection, registration, protection,
sustainable use, development, monitoring and prevention of trafficking
will be ensured, Benefits obtained from genetic sources and related
traditional knowledge will be sustained at national level

716.1 The national biodiversity inventory is updated regularly conducted
through research and monitoring studies, traditional knowledge based on
biological diversity is recorded and will be made available

716.2 Conservation and sustainable use of biological diversity and genetic
resources, legislation to prevent smuggling will be developed

716.3 A mechanism for equal and fair sharing of benefits will be established
for to access to genetic resources and obtained from these resources and
traditional knowledge

717 Ecosystems and ecosystem services will be protected, restored and used
sustainably by increasing the number of protected areas on land and sea
and the effective management of protected areas will be realized

717.1 By increasing the number of protected areas on land and sea, effective
management of these areas will be carried out by generating green
corridors, planning and infrastructure works

415 The contribution of forests to the economy will be increased by
sustainable forest management

415.1 National Forest Inventory study will be completed

415.2 Capacity to combat diseases, pests and fires in forestry will be
strengthened.
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2.3.3.3. Major Developments in Biodiversity Monitoring

Under this title, major developments accomplished by the General Directorate of
Nature Conservation and National Parks (GDNCNP) which is the top responsible
organization in the biodiversity monitoring topic is presented and assessed.

2.3.3.3.1. National Biodiversity Inventory and
Monitoring Project (UBENIS)

Biodiversity inventories are more than simple lists of names. Inventories compromise
surveys, catalogues, quantifications and maps of biological entities that can be genes,
species, populations, habitats, ecosystems and landscapes. Inventories are “snapshots
of the state of biodiversity” and they provide necessary baseline information to
analyze the change. After defining inventory as it, Stork et al. (1996) identify
monitoring as “recording change” and continues definition as “intermittent
surveillance to ascertain the extent of compliance with a predetermined standard or

degree of deviation from an expected norm”.

National Biodiversity Inventory and Monitoring project (UBENIS) has been initiated
in 2013 by the monetary support of the Ministry of Development and executed by
Ministry of Agriculture and Forestry General Directorate of Nature Conservation and
National Parks. Currently, all of the 81 provinces’ inventories have been completed

by literature review and field surveys for the following species groups;
e Vascular plants, mammals, birds, freshwater fish, reptiles and amphibians.
And only literature reviews for the followings;

e Cryptogamic plants and invertebrate animals.
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The project progress report was prepared in 2019 and covers statistics of 74 provinces
except seven provinces (Manisa, Mugla, Mus, Mardin, Siirt, Sirnak, Hakkari)®. Below
statistics are presented in this progress report. Totally, 423.357 fauna and, 334.342
flora points were recorded from 13.231 taxon out of 11.815 were plants. 539 local

endemic and 4305 endemic taxon were identified (Figure 2.11).

3.40%

B Notendemic M Endemic M Local Endemic

Figure 2.11. Distribution of endemism (Source: UBENIS progress report)

Distribution of species according to IUCN Red list categories are presented in
Figure 2.12 for flora and Figure 2.13 for fauna. However, compared with Figure 2.23.
IUCN Red List Categories of species (Source: Noah’s Ark) almost 3000 species were
assessed as CR. And it is surprising not to see any CR species in this assessment. Some

corrections might have done within the last two years.

6 http://www.nuhungemisi.gov.tr/Content/Documents/Projects/ubenis.docx
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Figure 2.12. IUCN Red List Categories of flora records (Source: UBENIS progress report)
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Figure 2.13. IUCN Red List Categories of fauna records (Source: UBENIS progress report)

The most influential outcome of the project is the identification of monitoring sites at
species/population, habitat/ecosystems and regional level (Figure 2.14).
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Figure 2.14. Proposed monitoring scheme

Monitoring sites for flora and fauna are presented for the 65 provinces in Figure 2.15
and Figure 2.16 accordingly. And also the map of special sites for monitoring is given
in Figure 2.17. For these 65 provinces; 262 flora, 208 fauna and 236 special sites are
identified for monitoring. The proposed regional monitoring sites which are supposed
to be done by remote sensing, are not presented in the progress report. Even though

these maps are incomplete, the characteristics of the monitoring can be inferred from

them.
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Figure 2.15. Map of monitoring sites for flora (Source: UBENIS progress report)
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IZLENECEK FAUNA GOZLEM NOKTALARI

& Izleme ve Degerlendirme Galigma Grubu

Figure 2.16. Map of monitoring sites for fauna (Source: UBENIS progress report)

IZLENECEK OZELLIKLI ALANLAR

w izleme ve Degerlendirme Galigma Grubu

Figure 2.17. Map of special monitoring sites (Source: UBENIS progress report)

I overlapped these maps in PhotoShop software to understand the intersections with
special sites with flora and fauna sites (Figure 2.18). These maps showing enormous

variances for the areal coverage and distributions of monitoring sites. One reason for
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this is the tender process applied through the project execution. Probably, each
province inventory and assessment has been completed by different teams with
different approaches. The other question is the link between monitoring sites and

protected areas. The progress report does not present a clue about this issue.

Figure 2.18. Map of proposed monitoring sites (overlapped in Photoshop)

This project contributes to the comprehensive surveillance of biodiversity and
generation of species lists. In the progress report, it is also mentioned that the
ecosystem mapping has been done by EUNIS nomenclature, however no output has
been shared up to now related with habitat mapping section. A particular section has
been prepared related with non-wood plant and animal products and taxon with
economic values such as medical plants, grassland plants, food production, genetic
material, landscaping and ornamental plants, bee plants, herbal plants etc. but

conservation and management effectiveness cannot find a place in the report.

2.3.3.3.2. Species Action Plans

The Species Survival Commission of IUCN has promoted Species Action Plans since
1986 (McGowan et al., 1998). It is defined as a prescriptive plan for a species, aiming

to maintain the species status in a favorable conservation or restoring it. A Species
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Action Plan (SAP) is a scientifically authoritative and a strategic document which
includes specific, measurable objectives and actions for conserving priority species
(Sande et al., 2005). The Ministry of Forestry and Water Affairs put a target to
accomplish 100 Species Action Plans by 2023 (DAD, 2013). Three birds (Grus grus
archibaldii, Otis tarda, Tetrao mlokosiewiczi), three fish (Alburnus nasreddini,
Capoeta mauricii, Salmo coruhensis), five herpetofauna (Acanthodactylus schreiberi,
Darevskia Sapphirina, Rafetus euphraticus, Vipera anatolica, Vipera kaznakovi), one
invertebrate (Formica pratensis), eight mammals (Dama dama, Felis chaus, Hyaena
hyaena, Meriones dahli, Monachuys monachus, Monachuys monachus, Myomimus
roachi, Myotis brandtii) and nineteen plants (Iberis halophile, Ajuga xylorrhiza,
Alyssum nezaketia, Astragalus beypazaricus, Crocus speciosus subsp. Xantholaimos,
Erodium hendrikii, Ferula mervynii, Fritillaria baskilensis, Iris peshmeniana,
Ornithogalum malatyanum, Hypericum malatyanum, Lilium candidum, Polygonum
samsunicum, Pseudodelphinium turcicum, Rhodothamnus sessilifolius, Salviasiirtica,
Scilla mesopotomica, Thermopsis turcica, Tulipa orphanidea, Verbascum
eskisehirensis, Verbascum yurtkuranianum) in total thirty nine SAPs had been
prepared and published between 2013 and 2016. The reports of these action plans were
accessed from the former Ministry of Forestry and Water Affairs in 2017 May via
weblink’. The SAP reports cannot be available online after the ministry’s structure has

changed.

Demirbas-Caglayan and Bilgin (2018) have evaluated the performance of SAPs
according to the various criteria presented by several authors (McGowan et al., 1998;
Fuller et al., 2003; Sande et al., 2005; AEWA, 2005; Nagy, 2009; Kovacs and
Williams, 2012; DAD, 2013; IUCN, 2016). The SAPs condensed on plants and
endangered species (Figure 2.19).

7 http://www.milliparklar.gov.tr/yabanhayati/turkorumasube/
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Figure 2.19. Distribution of species among IUCN Red List Categories (The proposed categories in
the SPAs are evaluated) (Demirbas-Caglayan and Bilgin, 2018)

Each SAP includes background information with the current status and a threat
analysis and proposed conservation actions in detail. A SAP must has a vision for the
long term desired state of the species as well as aims that outline the plan’s specific
contributions during its life span. SMART (specific, measurable, achievable, realistic
and timely) objectives are statements that provide details to reach those aims. The
activity package is the core of a SAP. Each activity should answer who, when, how
frequent, how urgent, at how much cost an activity is to be performed and what is
needed for it. An evaluation strategy at mid-term and the end of a SAP is also
recommended. Totally 33 criteria have been used and scored to each SAP as a binary
matrix to provide a comparative assessment. In Table 2.10, colours represent the
percentage of SAPs which meet the criterions in that species group. These 39 plans
provide very detailed information on the life history of the target species and have
largely met the defined criteria in the fields of taxonomy, morphology, habitat
requirement, life cycle, global and local distributions, and laws and regulations.
However, population size is often given only as the number of individuals observed
during site studies, and a population estimate is only reported in a few SAPs. Only one
SAP included a population viability analysis (Polygonum samsunicum, 2015). 64% of
SAPs rank the threats and 66% provide stakeholder analysis. Most (87%) do not
include indicators for objectives. Almost all define the responsible organization, site,
and time of the activity while only 33% define costs or required technical expertise or
equipment, and only 35% rank urgency of the activities. None of the SAPs meet all of
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the defined criteria. 58% placed an evaluation of SAP activities in the plan but only
12% describes a means of verification of success. Monitoring of the target species is
not recommended as an action in a single SAP (Salmo coruhensis, 2013). Other SAPs
define monitoring activities on genetic (10%), species (100%), population (82%),
community (25%) and habitat (50%) levels.

Table 2.10. Evaluation table of 39 SPAs according to the criterions

Invertebrate Bird Fish Herpetofouna  Mammal Plant

=----

Population size
Population viability analysis

Ranking of threats

Meuasures related with
threats

Clarity of location

Requirements or cost
of the activity

Priority of the activity
Monitoring of SAP --
Means of verification
Defined thresholds
Indicators for monitoring
Menitoring population

Monitoring habitat

Monitoring interactions
with other species

Menitoring life cycle/ life
history

Monitoring breeding success

Monitoring genetic diversity

0-20% 61-80% |81-100%
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General limitations apparent in the SAPs are listed as follows (Demirbas-Caglayan
and Bilgin, 2018);

e The duration of preparation the action plan is limited with tender generally
expected to finalize within a year. However, it is rarely possible to understand
the population dynamics, compositional interactions or ecosystem-level
dynamics.

e Monitoring and evaluation of a SAP is an essential component to assess its
progress towards achieving the aims. Clear definitions, indicators and means
of verification are needed to ensure SAPs are more than academic exercises.

e Monitoring actions are often described without detail. Well-defined sampling
schemes, monitoring requirements, or inclusion of population thresholds are
needed.

e High endemism rates in plants unsurprisingly lead to a strong emphasis on
them. However, it is important to include other indicator and threatened
organism groups as well.

e Most SAPs propose new sites for the protection of the target species. Existing
protected area network should not be ignored.

e About half of the target species range wider than their SAP’s coverage. It is
important to cover the whole range of the species within Turkey to develop

conservation actions.

2.3.3.3.3. Noah’s Ark National Biological
Diversity Database

The most important development is the generation of “Noah’s Ark National Biological
Diversity Database” (Akgiindiiz et al., 2009). Biological data especially species
records collected by UBENIS project and Species Action Plans have been stored in

Noah’s Ark National Biological Diversity Database. Although the database was
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generated in 2007, the data entry has been shifted with national effort after the
UBENIS project was initiated in 2013 (Figure 2.20).
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Figure 2.20. Progress of data entry in Noah’s Ark (Source: UBENIS progress report)

The database includes 852.813 point records (Figure 2.21) from 14.334 taxon
(Figure 2.22) for 81 provinces (http://www.nuhungemisi.gov.tr/public/). The

distribution of species according to the IUCN Red List Categories is given in
Figure 2.23. The database is under the responsibility of GDNCNP, due to strict
restrictions, no data has been shared even with the data collectors. For to collate the
database’s accessibility information, I have searched the Scopus and Google Scholar
search engines with the following keywords: [ “nuhun gemisi” OR “veritabani” OR
“biyolojik ¢esitlilik” / “noah’s ark” OR “database” OR” biodiversity”]. The results
(33) only mention the existence of the database but none of the studies presents its
data or an analysis by use of the biological data. Similarly, none of the NGOs could
acquire data from the database for conservation projects or site management projects

(personal communication through survey respondents).
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Figure 2.21. Number of points on species group (Source: Noah’s Ark)
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Figure 2.22. Number of taxon according to species group (Source: Noah's Ark)
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Figure 2.23. IUCN Red List Categories of species (Source: Noah’s Ark)
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The above numbers are presented in the official web site of the Noah’s Ark National
Biological Diversity Database and only summary statistics are accessible no further

information is shared even with the data contributors.

2.3.3.4. Non-Governmental Organizations (NGOSs)

In Turkey, there are many national and local non-governmental organizations
contributing on a voluntary basis to the conservation and sustainable use of biological
diversity, including public awareness-raising and education in particular (NBDSAP,
2007). This section presents, partial number of works accomplished by NGOs with a

brief history.

The eldest society was established in 1955 with the name of “Turkish Society of
Nature Protection”. Its main focus was combatting erosion and other environmental
problems. Their early efforts together with IUCN support had included protection of
wetlands (i.e. Bird Paradise National Park). And in 1975, the Society for Nature
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Conservation (DHKD) and WWEF- Turkey were established. Up to 1995 the NGOs
expertise mostly had rooted in forestry and biological science. After Habitat Congress
the number of NGOs has risen and also their envelope has extended. (Kesmez et al.,
2016). Also, the international support has shifted the biodiversity conservation, for
example, BirdLife, RSBP and WWF are international institutions in this perspective.
Also several funds GEF, UN and EU have contributed the NGO’s efforts. It is
necessary to mention the share of the private sector in supporting NGOs in recent years
especially the biodiversity offset projects of large scale investments and social
responsibility projects. Several volunteers ranging from various age groups, bird
watchers and nature photographers were contributed to the civil movement.

The status of NGOs was summarized in NBDSAP (1998) with these exact words:
“Concepts of environment and biodiversity were introduced to Turkey by Government
but became very popular through activities of NGOs, as is the case elsewhere. There
are no clear provisions in Turkish legislation for NGOs and in their potential input to
general environmental and specifically, biodiversity conservation activities which, are
therefore severely hampered. Legal impediments related to financing mechanisms
available to NGOs, their ability to collect donations or raise funds, as well as
regulatory constraints regarding Cupertino with international NGOs are major
problems. In spite of the existing problems facing NGOs, a number of internationally
important flora and fauna species and their habitats have been put under protection
through their efforts in collaboration with international organisations and many
activities that have adverse effects on the species and their habitats were stopped”.
Their role was evolved from raising public awareness and execution body of
conservation and also they present necessary technical expertise in sophisticated
analyses. Some of these works were mentioned in NBDSAP (1998 and 2007) and the
rest of them were scientifically credible and acknowledged regularly (such as

important plant areas, key biodiversity areas etc.).

Marine Turtle Monitoring: In 1998, 17 important marine turtle breeding areas

(Caretta caretta and Chelonia mydas, according to IUCN redlist VU and EN status
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accordingly) had identified by the Society for Nature Conservation (DHKD), WWF
and Dokuz Eyliil University. In accordance with Barcelona Convention and its
annexed protocols, “Marine Turtle Monitoring and Assessment Commission” had
been formed in 1990. Until then the sea turtles are the species whose monitoring has
been done regularly.

Mediterranean Monk Seal: Mediterranean Monk Seal (Monachus monachus) is one
of the species that take particular attention through the nature conservation history. It
was considered to be one of the 12 most endangered species in the world by IUCN.
Strong international and national policy and legislations exist upon this charismatic
species. Barcelona, Bern and CITES conventions mention the species in their annex.
Also, the monk seal enjoys conservation at national level under both the Fisheries Law
1380 and the Environmental Law 2872 (NBDSAP (2007). And it was estimated that
there were 300-400 individuals between 1987-1991. And less than 50 live along the
coastline of Turkey according to NBDSAP (1998). This number was raised to 100 in
NBDSAP (2007). In 1991 an International Conference for the protection of
Mediterranean Monk Seal had been organized and sequentially several pilot projects
have been initiated. Bodrum Volunteers with the support of Greenpeace had
implemented the Conservation of species in coasts of Bodrum. Specifically,
Underwater Research Society (SAD) and its Mediterranean Monk Seal Research

Group (AFAG) paid particular attention to the conservation of the species.

Wetland management projects: The Society for Nature Conservation (DHKD) was an
official partner of BirdLife International and WWF. And DHKD had executed several
projects in several wetlands the early 1990s (NBDSAP, 1998). The bird counts were
also carried out by the organization up to 2000s, then the Nature Society (DD) and
Bird Research Foundation (KAD) had taken the responsibility.

Other examples mentioned in the NBDSAP are listed in Table 2.11.
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Table 2.11. Some project examples executed by NGOs and mentioned in NBDSAPs

Project name Responsible NGO Reference
1992 “Coastal Management and Society for Nature NBDSAP,
Tourism in Turkey: Cirali- Belek” | Conservation (DHKD) and | 2007
WWF
2001 Black Vulture (Aegypius Former Bird Research NBDSAP,
monachus) Conservation Foundation (KAD), Nature | 2007
Research foundation (DAD)
The Sustainable Forest Utilization | TEMA Foundation, NBDSAP,
and Conservation in the Kagkar Natural Conservation Centre | 2007
Mountains Project (DKM) Artvin Culture and
Solidarity Association
Discovery of sea Underwater Research NBDSAP,
caves on the Black Sea coasts, Society (SAD) 2007
Aegean and Western
Mediterranean for Mediterranean
Monk Seal

Ex-situ conservation: In addition to the efforts performed by ministry and universities,
there were two remarkable private examples in ex-situ conservation. Nezahat Gokyigit
Botanical Garden and Karaca Arboretum. Both owners and investors are the founder
members of The Turkish Foundation for Combating Soil Erosion, for Restoration and
the Protection of Natural Habitats (TEMA).

The comprehensive biodiversity conservation projects have been compiled by
Zeydanli et al. (2020), among these projects the ones executed by NGOs are selected

in Table 2.12, together with other items not mentioned I there (such as red list studies).
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Table 2.12. The comprehensive biodiversity conservation projects (Zeydanli et al., 2020)

Name NGO Year
Important Bird Areas Society for Nature
Conservation 1990,1997
(DHKD
Important Bird Areas Nature Society 2004
(Doga Dernegi)
Important Plant Areas WWE- Turkey, 2003
DHKD
Southeast Anatplla GAP DHKD 2001-2004
Analysis
Lower Caucasus GAP Analysis TEMA 2004-2006
Key Biodiversity Areas Nature Society 2005-2007
Anatolian Diagonal Biodiversity Nature
Project Conservation 2006-2008
Center (DKM)
Black Sea Reglon Syst(.ematlc DKM 2010-2011
Conservation Planning
Red List of Butterflies DKM 2011
Mediterranean Region
Systematic Conservation DKM 2014-2019
Planning
Flora of Turkey Flora Research
Society, Nezahat
Gokyigit Botanical
Garden, Ali Nihat 2019-....
Gokyigit
Foundation
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In recent years the observation carried out by nature photographers are highly inflated
and increase public awareness. The leading media platforms exist for birds
(TRAKUS?®), butterflies (TRAKEL®), mammals (TRAMEM?) and herpetofauna
(TURKHERPTIL). These web platforms are successful instants of civil movements
and not directly linked to any NGO.

2.4. What Do We Know About Biodiversity Monitoring?

Observation of nature and biodiversity are the most plentiful and longest records in
human history (Scholes et al., 2012). Monitoring biodiversity change, at various
aspects are needed to track to the response of environmental change on genes, species,
communities and ecosystems. From remote sensing to in situ techniques, any
monitoring effort will develop our skills to better interpret the complex interactions
(e.g. traits) and feedbacks (e.g. ecosystem functions) and matching various temporal,

spatial and biodiversity scales.

Surveys at one point in one time estimate the diversity (for example the presence of
species), on the other hand, monitoring is an estimation of diversity in the same point

for more than one time to understand the change (Wilson et al., 1996).

Hellawell (1991) stressed the definition of the terms; survey, surveillance and
monitoring. Survey is “an exercise in which a set of qualitative or quantitative
observations are made, usually by means of a standardized procedure and within a
restricted period of time”. Surveillance can be defined as “an extended program of
surveys, undertaken in order to provide a time series, to ascertain the variability and/or
range of states and values which might be encountered over time”. And monitoring is

“Intermittent (regular or irregular) surveillance carried out in order to ascertain the

8 https://www.trakus.org/kods bird/uye/?fsx=@
9 http://www.trakel.org/kelebekler/?fsx=@

10 http://www.tramem.org/memeliler/?fsx=@

11 http://www.turkherptil.org/
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extent of compliance with a predetermined standard or the degree of deviation from

an expected form”.

Vaughan et al. (2001) has described four categories of monitoring;

1.
2.

4.

simple monitoring is recording a single variable at one point over time

survey monitoring aims to establish a baseline where historical records are
absent for a particular environmental problem in a specific area. The survey is
done both in affected and not affected areas

surrogate or proxy monitoring compensates for the lack of previous
monitoring by using surrogate information to infer changes

integrated monitoring uses detailed sets of ecological information.

Nichols and Williams (2006) proposed two comprehensive groups for monitoring:

surveillance monitoring and targeted monitoring. Surveillance monitoring aims to

generate a baseline and gather as much data as possible on a variable (such as

population abundance across several taxa) over time. On the other hand, targeted

monitoring answers a specific question such as whether the management actions of

protected areas are successful to protect a particular species.

Furthermore, Lindenmayer and Likens (2010) grouped monitoring into three

categories as follows. This categorization is more widely accepted.

1.

Passive / curiosity driven monitoring: This group of monitoring is devoted to
curiosity. A hypothesis and a pre-defined question are missing. It is very
inefficient to allocate limited resource and budget to this type of curiosity-
based questions however sometimes the findings might contribute the level of
understanding in ecological processes.

Mandated monitoring: This group of monitoring is mandated by legislation
and directives and has high relevance with policy and management questions.
In general larger scales are under focus such as national or regional and not
concentrated on causality rather the effort is condensed on identifying trends

and state of the environment.
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3. Question-driven monitoring: This group is engaged in scientific research. A
clear monitoring question is defined with a conceptual model and experimental
design. Test a hypothesis related to a management and its response increases
the predictive capacity and triggers new questions and generates adaptive
monitoring. Long- Term Ecological Research (LTER) can be assessed under

this category.

Yoccoz et al. (2001) criticized the existing monitoring programs which were poorly
designed in their principal components as they were not answering “why monitor?”,
“what should be monitored?” and “how should be monitoring be carried out?”
questions for better guiding the biodiversity management and development. However,
today monitoring action is not just carried out for these purposes. Additionally
political guidance, decision making and also reporting require monitoring information

on wider extents.

The reasons for establishing monitoring programs can be grouped into three categories
(Hellawell, 1991);

1. Assessing the efficiency of a policy or legislation: Policy instruments are
developed to ensure the sustainability of a desirable state or to support progress
towards such a condition.

2. Assessing the performance of management actions: The audits and
performance assessments check whether the desired quality and condition of a
site are secured by ongoing actions.

3. Detecting changes to create an early warning system: The stochastic,
successional and cyclical changes in ecosystems can occur simultaneously or
be superimposed. The adverse or favorable impacts of these changes may

present an insight about future response and condition.
Lindenmayer and Likens (2010) contributed this list with the following items;

4. Establishing baselines against a change or extremes can be evaluated (e.g.

climate change)
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5. Providing empirical data for ecological theory and models

In summary, the importance of monitoring can be listed as follows (Spellerberg,
2005);

1. The processes of many ecosystems are not well understood, and monitoring
programmes could deliver basic ecological knowledge about the underlying
mechanisms.

2. Ecosystem management, if it is to be effective, requires a fundamental
baseline, which can only be attained by monitoring ecosystems.

3. Anthropogenic perturbations in the world's ecosystems have long-term, partly
synergistic, partly cumulative effects which can only be understood by long-
term monitoring.

4. Data from long-term studies can provide a foundation for the early detection
of potentially harmful effects over various levels of biological entities.

5. Given the ever-increasing loss of species, loss of habitats and damage to
biological communities, ecological monitoring is essential to evaluate the

consequences of these losses and damage.

It is obvious that the duration of monitoring is sensitive to the related question, species
life history etc. For example, longevity for rapid generation time species such as
bacterial assemblages might be one year, on the other hand, a decadal living woody
plant should be monitored for several decades. In order to prevent confusion,
Lindenmayer and Likens (2010) use the definition of long-term monitoring as an effort
to continue beyond 10 years without interruption. Measuring something simply in
nature is not monitoring. More precisely monitoring needs a particular question, an
experimental design, a conceptual framework, and data integrity through the

repeatable application of appropriate field protocols (Lindenmayer and Likens, 2010).

In this section, | present the global status of biodiversity monitoring in gene, species
and ecosystem level. Under each sub-title, | tried to link the situation of Turkey in

global efforts and data portals.
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2.4.1. Gene Level Monitoring

Genes are the key material that life has formed and changed. The heredity material as
DNA transfers the superior attributes to the next generation. Genetic diversification
triggers speciation and it is important for species responses especially fast-changing
and harsh environmental conditions. The genetic diversity among species delivers
ecosystem resilience (Sgro et al., 2011). Narrow width genetic variation increases the
extinction risk. For instance, climate change imposes a crisis for many species and
adaptation requires to detect the resilient individuals, populations and communities
especially for endangered species and forest management. Also, habitat fragmentation
affects the genetic pool and causes homogenization.

On the other hand, the variability of genes is essential for humankind as it’s the sources
of agriculture. Food security and safety is highly dependent on crop genetic diversity
(FAO, 2015). Monitoring genetic diversity also enables us to evaluate the “option
value” of genetic variation such that the humans would benefit this potential power of
resilience in future. However, it is hard to mention a coordinated approach of gene-
level monitoring globally even for agricultural species (Dulloo et al, 2010). The
reasons are unlike ecosystems or species, DNA cannot be accessed by visually or
remotely. All genetic samples must be collected from the field and analyzed in a
laboratory by specific laboratory equipment and consumables. Thus it is not the cost

and time effective option and not applicable in most cases (Davies et al., 2012).
Brudorf et al. (2017) listed what to monitor as follow;

e Domesticated animals are plants: The diversity of domesticated species is
being lost at farm scale due to the intended choice of the most productive seeds
etc. Also in landscape-scale, the wide monoculture destroys the traditional
varieties.

e Socioeconomically and ecologically important species: Socioeconomic
species benefits human for food, shelter, medicinal, energy and nature-based

tourism income, At the same time these species have fundamental ecological
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functions such as nutrient retention, flood prevention etc. Forest trees are an
example

Culturally valued species: These species have particular attention for local
communities, symbolic endangered species, financially valuable local breeds

are examples.

Several molecular tools have generally accepted standards and are used to monitor

genetic diversity. These are microsatellites, mitochondrial and chloroplast DNA,

single nucleotide polymorphisms and direct sequencing (Brudorf et al., 2017). DNA

barcodes are widely used for taxonomic identification. However, for monitoring

purposes, DNA sequences and the studies of phylogenetic relations can be used for

specific taxa over time in one or many places. The remarkable global efforts and the

place of Turkey in them are listed below;

The Genomic Observation Network (GOs)* is a collaboration between the
Genomic Standards Consortium (GSC) and the Group on Earth Observations
Biodiversity Observation Network (GEOBON). The network focuses on long
term monitoring of genetic data. Its first activity was held in marine
ecosystems (Ocean Sampling Day) with coordinated, standardized collection
and sequencing of seawater. Dokuz Eyliil University has joined the event
(Kopf, 2015). Ocean Sampling Day Consortium commits to monitor marine
microbial biodiversity same day annually.

The European Molecular Biology Laboratory (EMBL)® EMBL is an
intergovernmental organisation established in 1974, generated the
International Nucleotide Sequence Database Collaboration. It works to
establish links and initiate collaborative projects between scientists in Europe
and the wider world. Turkey is not a member state.

International Barcode of Life (IBOL) was established in 2008 as a research

alliance for the aim of the generation of DNA barcode reference libraries, the

12 http://www.genomicobservatories.org/

13 https://www.embl.org/
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sequencing facilities, the informatics platforms, the analytical protocols. By
2026 the goal of the international collaboration would extend its barcode
coverage to 2.5 million species. This information would be used in tracking
ecosystems and revealing symbioses and contribute to the global biodiversity
observation system. Ankara University is representing Turkey.

2.4.2. Species-Level Monitoring

Species-level is the most practical and observable tool thus, inevitably efforts had
condensed on composition diversity at the species level; identification and naming of
new species, mapping their distributions (Noss, 1990, Scholes et al., 2017).
Throughout centuries, samples were collected from museums, herbariums, field
notebooks etc. Costello (2013) argued that currently 5+3 millions of species exist on
earth but only 1.5 million of them are named. Considering the accelerating extinction
rates which range from 0.01 to 5% per decade, smart taxonomy tools together with
collective collaboration are needed to prevent species from extinct which are not

discovered yet.

However, the distribution of taxonomists do not match with geographically with the
frequency of biological diversity (Gaston and May, 1992). Martin et al. (2012)
highlighted that 75% of studies were executed in protected areas. Also, the studies are
intensified in a temperate climate, developed countries, although the biodiversity is

more concentrated in tropical, developing countries (Scholes et al., 2012).

Clark and May (2002) pointed out the taxonomic bias in conservation research. When
Shine and Bonnet (2000) had reviewed 32000 records (1979-1998) in the "Zoological
Records™" database, they observed that mammal studies were ten times more than
amphibian studies, whereas amphibians are numerically more diverse than mammal
species. Bonnet et al. (2002) called this syndrome as “taxonomic chauvinism”. In
another study, Donaldson et al. (2016) confirmed the extreme bias towards threatened
vertebrates (Figure 2.24). In the figure, letters represent species with a high number of
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papers published on (A) tiger Panthera tigris; (B) European eel Anguilla anguilla; (C)

common carp Cyprinus carpio; (D) Atlantic cod Gadus morhua.
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Figure 2.24. Distribution of papers across animal taxa (Donaldson et al., 2016)
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Existing observations disproportionately focus on particularly popular and easily
observed groups: birds, mammals and higher plants (Scholes et al., 2012). Balmford
et al (2003), also reasoned this outcome since they are relatively species-poor groups
compared to others (i.e. invertebrates). The challenges at the species level were
described as (Cardoso et al., 2011);

e The Linnaean shortfall; all of the species cannot be identified in a location

e The Wallacean shortfall; distribution of the species cannot be limited
geographically,

e The Prestonian shortfall; the abundance of species and their changes in space
and time are unknown,

e The Hutchinsonian shortfall; It is hard to quantify the natural and

anthropogenic responses of species.

Noss (1990), has grouped the species into five categories as they uphold particular
attention; (1) ecological indicators: species that indicate the effects of disturbance on

a variety of other species with similar habitat requirements; (2) keystones: central
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species on which the diversity of a large part of a community relies; (3) umbrellas:
species whose habitats cover larger areas, signify many other species; (4) flagships:
popular, charismatic species that serve as symbols; and (5) vulnerable: species that are
rare, genetically impoverished, of low fecundity, dependent on patchy or
unpredictable resources, extremely variable in population density, persecuted, or
otherwise prone to extinction in human-dominated landscapes. Beever (2006)

extended this list as presented in Table 2.13.

Table 2.13. Species as monitoring targets (Beever, 2006)

Target Definition

Umbrellas Extensive home ranges; require contiguous habitat quality
(grizzly bear, grey wolf, northern spotted owl)

Flagships High charismatic appeal; used to attract conservation
resources (panda)

Focal species The most area-sensitive, dispersal- limited, resource-limited,

and ecological process-limited taxa in a landscape

Indicator species  Usually, those species in a relatively species-rich single taxon
thought to represent biological diversity as a whole

Common (vs. Monitor species while still common because it is cheaper and

rare) species more likely to produce long-term successes (Habitat
generalists, species with high reproductive capacity)

Functional guilds Well connected to .1 aspect of ecosystem functioning; may
indicate both composition and function (Pelagic fish,
neotropical migrant birds, granivorous small mammals,
ground-nesting birds)

Table 2.14 shows some of the taxonomic lists which covers Turkey.
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Table 2.14. The taxonomic lists covering Turkey

Name Spatial Covered Note
Coverage | years or
release date

Integrated Global Monthly Authoritative taxonomic

Taxonomic updated information on plants, animals,

Information fungi, and microbes of North

System (IT1S) America and the world

The Plant List®® | Global 2010: The plant list is a comprehensive
version 1.0 list of all known species. It covers
2013 _version | 1,064,035 scientific plant names of
1.1 species rank. Of these 350,699 are

accepted species names.

The Global v3-2018 It aims to increase awareness and

Encyclopedia of understanding of many life forms.

Life (EoL)® It collaborates with many open-

source platforms; Biodiversity
Heritage Library (BHL)
Barcode of Life (BOLD)
Catalogue of Life (CoL)

Global Biodiversity Information
Facility (GBIF)

bizimbitkiler'” | National | 2012 It is a national plant database
Updated on | governed by Nezahat Gokyigit
2017 Botanical Garden. Scientific name

and Turkish name, distribution
maps, threat category and
endemism status are shared in the
database

2.4.2.1. Taxonomic sampling

The monitoring technique and the sampling scheme are depended on the species group
and habitat type. Although it is hard to mention that a certain technique fits all

circumstances in a species group, some techniques are efficient for most of the

4 https://www.itis.gov/

15 http://www.theplantlist.org/

16 https://eol.org/docs/what-is-eol

17 https://bizimbitkiler.org.tr/v3/demo/index.php#
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individuals in that group. Table 2.15 prepared by this approach and shows the most

appropriate sampling technique for the relevant species group and summarized the

information presented in Pereira et al. (2017).

Table 2.15. Accepted methods of monitoring for species groups

Taxon Monitoring technique Variable
Medium to | Line transects A robust estimate of species
large richness, relative
mammals abundances and habitat use
Small Live trapping transects
mammals
Mammals | Capture-mark-recapture Relative abundance
Road traffic causalities
Medium to | Camera trapping Species richness, relative
large abundances and habitat use
mammals Radio-tracking collars Habitat use
Amphibians | Clutch counts and nest counts Population size
Trapping Species distribution and
abundance
Area-based surveys within defined | Abundance and density of a
plots and transects species or survey the
e-DNA amphibian fauna of a site
Auditory monitoring Abundance of male frogs
and toads
Butterflies | Opportunistic data Species distribution
Standardised day lists Population parameters
Standardised counts in fixed transects | Population trends
Plants Quadrats Density, frequency biomass
Transects
Quadrats along transects
DAFOR  (Dominant, Abundant, | Cover
Frequent, Occasional or Rare),
Braun-Blanquet (5 classes up to
100 % cover, not of equal size) Domin
(10 classes up to 100 % cover, not of
equal size) scales.
Remote sensing Cover

e-DNA

Species richness and species
abundances
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2.4.2.2. Species metrics

Indicators serve as a currency to compare the occupancy and abundance through
diversity, richness, evenness in different places or various times. On the other hand,
diversity indices simplifies information and cause the loss of identical features of
biodiversity. The other disadvantage is they are highly dependent on the sample size.
Also, the abundant number of metrics and indices complicate the comparison (Noss,
1990). Santini et al. (2017) compared 9 scenarios of biodiversity changes and
compared the performance of 12 biodiversity metrics. Metrics pose differently under
different scenarios. It is hard to mention that one metric can detect the change for all
scenarios. And also they concluded that the composite index approach may misguide
the analyst. For example, Shannon’s diversity index shows a misleading response or

ineffective to capture change for some of the scenarios.
2.4.2.3. Citizen Science and Community Platforms

The most significant development in species monitoring is engaging communities to
data acquisition and harmonizing this big data in giant networks. Engaging non-
professional into ground-based surveys decrease the cost of monitoring. However to
sustain the motivation of participants (Silvertown et al., 2013), the reliability of the
attained data (Buesching et al., 2015) are some of the problems highlighted by several
authors. Chandler et al. (2017) highlighted the contributions of citizen science as

follows;

e Citizen science expands the coverage of biological data spatially and
temporarily.

e Citizen science oriented programs record the location and abundance of
species over time. Thus mapping species occurrence and abundance can be
easily handled.

e The timing of nature’s events on broad-scale processes such as phenology and

migration can be monitored.
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e Early detection and mapping of pests and invasive species can be done by
citizen science projects.

e Citizen science can also contribute to process desktop jobs such as processing
identification of species (for example photographs taken by a camera trap
(Zooniverse projects http://www.zooniverse.org)) and land cover types (Geo-

Wiki http://www.geo-wiki.org/) and preparing images for further analysis

(http://forestwatchers.net/)

Some samples of community platforms and the status of Turkey in these

portals/networks are presented below.

2.4.2.3.1. Global Biodiversity
Information Facility (GBIF)

Global Biodiversity Information Facility (GBIF) is a pioneer network organization
that deals with the harmonization problem. It is an international network and research
infrastructure funded by several governments and aimed to promote the open-access
data. As of 2020, the database includes 1.600.946.848 occurrence records derived
from 54.348 datasets, contributed by 1644 publishing institutions. Turkey government
is not a partner of the network. However 1,594,411 records exist and cover the
following major taxonomic groups as follows; Animalia (79.063%), plantae
(18.989%), chromista (0.675%), bacteria (0.442%), fungi (0.433%), incertae sedis
(0.359%), protozoa (0.03%), archaea (0.008%), viruses (0.002%). The density of the
occurrence data for Turkey is shown in Figure 2.25. The main data provider is “e-
Bird Observation Dataset” with a contribution of 66%, followed by “A global database
for the distributions of crop wild relatives” with a contribution of 5%, and
“Hesselbarth, Oorschot and Wagener Butterfly data of Turkey” and “Royal Botanic
Garden Edinburgh Herbarium” with a contribution of 3% each and “EURISCO, The
European Genetic Resources Search Catalogue” with a contribution of 2%. 319 mostly
international data publishers contribute these data. There are two institutions in the
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community publisher list (Gebze and Diizce University), however, only Diizce
University contributed the data as Alien Flora of Turkey dataset which include 387
records (GBIF, 2020).

DATA ABOUT TURKEY

1,594,411 1,010 42 319

Occurrences Datasets Countries and areas contribute Publishers
data

Generated 19 ho
EXPLOREAREA = T © K«

Figure 2.25. Distribution of biodiversity occurrence data, of Turkey in GBIF (GBIF, 2020)

2.4.2.3.2. e-Bird

e-Bird is the mostly used citizen science platform in Turley. The online platform
presents checklists of birds and enables archiving and sharing the observations with
the public. It has hundreds of partner organizations, thousands of regional experts, and
hundreds of thousands of users, eBird is managed by the Cornell Lab of Ornithology.
One favorable attribute is the quality checks and assurance of observations. The
observation density, which includes all years and all seasons are presented in
Figure 2.26, which covers 452 species and 62 435 checklists. The color tone represents

the species richness.
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Figure 2.26. Bird richness of Turkey according to e-Bird observations
(https://ebird.org/region/TR?yr=all)

2.4.2.3.3. Map of Life (MoL)

MoL provides ‘best-possible’ species range information and species lists for any
geographic area. MoL assembles and integrates different sources of data describing
species distributions worldwide. These data include expert species range maps,
species occurrence points, ecoregions, and protected areas from providers like JUCN,
WWEF, GBIF, eBird, and more. All data assets are stored, managed, backed up, and
accessed using a hosted cloud instance. MoL presents several demonstrations
regarding patterns species richness, rarity and facets and several indicators as species
data coverage, habitats and protection gaps (www.mol.org).

2.4.2.3.4. iNaturalist

iNaturalist is an online social network whose contributors are citizen scientists and
experts. Its mobile application interface provides comprehensive biodiversity data
recordings and enables mapping and sharing observations of biodiversity across the
globe. It is a joint initiative by the California Academy of Sciences and the National
Geographic Society. As, 31 August 2020 the crowdsourcing platform has 1.271.270
contributors, with around 154.000 active identifiers and 293.627 species records
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distributed over 48.201.420 observations. The country numbers are presented in
Table 2.16 for to enable comparison also other countries (neighbouring or same

ecoregion) are listed.

Table 2.16. iNaturalist Countrywide statistics (https://www.inaturalist.org/)

Country Observations Species Identifier  Contributor
Turkey 78 506 8190 3431 4 766
Greece 131 804 10 112 4383 6 620
Bulgaria 24 616 4153 2 098 1176
Iran 32 950 3 856 2 158 1525
Georgia 20 092 2737 1161 836
Spain 748 284 18 723 10 139 33 242
France 1696 925 24 389 16 350 89 280
Italy 980 380 19912 12 104 37250

2.4.3. Ecosystem Level Monitoring

Humans are modifying landscapes over millennia. The magnitude and the extent of
change across the landscapes vary. The artificial urban environments or intensive
agricultural transformations are extreme samples. On the other hand in the protected
areas human disturbance is in evidence in the form of recreational or training
activities. Additionally even in remote landscapes have been impacted by human-
induced climate change (Ramankutty et al., 2006). As McKibben (1989) argued about
cultural and natural dichotomy such that no untouched land (directly or indirectly) left
anymore. Considering in a wider spectrum, instead of forcing categories in an
envelope of natural/cultural, mapping landscapes is focusing on land cover and land-
use change in a continuum (Theobald, 2004). It is obvious that a tradeoff exists
between land-use practices and the exploited ecosystem. Land use practices are
inevitable to meet the demands of civilization in the form of food, land, water etc.

However, degrading an ecosystem leads a diminishing in its ecosystem services
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capacity which are also essential for human’s survival (DeFries et al., 2004; Foley et
al., 2005). MAE-LULC (Millennium Ecosystem Assessment land-use and land-cover
change) programme was focused to monitor the status and trends of ecosystems. Rapid
assessments produce information about (i) deforestation and forest degradation; (ii)
degraded lands in the drylands and hyper-arid zones of the world (referred to here as
desertification, even though most definitions of desertification do not include hyper-

arid zones); (iii) cropland expansion and abandonment; and (iv) urban settlements.

Establishing an ecosystem monitoring program has several advantages. Habitats are
denominators of species, as it is evident that habitat structure impacts the presence of
species. Also, the extent, composition and structure of the habitat defined the
occupancy and abundance of species not only for plants but also for a range of species
from various taxonomic groups (Olsvig-Whittaker et al., 2010). The configuration of
habitats reflects the ecological disturbances such as fragmentation, degradation and
loss. Because of these reasons, many monitoring programs use ecosystems as a

conservation umbrella for biological diversity (i.e. EBONE project).

Ecosystem level monitoring (structure and function) is executed mostly by remote
sensing opportunities (Turner et al., 2003; Pettorelli et al., 2005; Geller et al., 2017).
Multi-temporal, multispectral, satellite sensor obtained data has its potential as a
means of detection, identification, mapping and monitor ecosystem changes,

regardless of their causal factors (Coppin, 2004).

Mostly acknowledged resources also available for Turkey extent are listed in
Table 2.17.
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Table 2.17. Major ecosystem monitoring products covering Turkey

Name Time Satellite Min. mapping
unit/width
USGS Global Land Cover 2.0'® | 1992-1993 AVHRR- MODIS 1km
International Geosphere- 1992-1993 AVHRR- 1km
Biosphere Programme MODIS
(IGBP) Land Cover'® (Loveland
et al., 1999)
Global Land Cover 2000 Project | 2000 SPOT 4- 1km
GLC2000% (Bartholomé, 2004) VEGETATION-1
GlobCover Land Cover? 2004-2006 MERIS-ENVISAT | 10 arc-seconds (~300 m)
2009 MERIS-ENVISAT | 10 arc-seconds (~300 m)
CORINE Land Cover? 2000 Landsat-7 ETM 25 ha/100m
2006 SPOT-4/5and IRS | 25 ha/100m
P6 LISS 111
2012 IRSP6 LISS Il and | 25 ha/100m
RapidEye
2018 Sentinel-2 and 25 ha/100m
Landsat-8
EUNIS (European Nature 2015 Derived from 100 m
Information System)?® CORINE, and other
ancillary data
Global Forest Watch?* NRT ref to LANDSAT 30m
2000-2012
VIIRS I-Band 375 m Active NRT VIIRS 375m
Fire Data®
Fire Information for Resource Near Real MODIS 1km
Management System (FIRMS)? | Time (NRT)
NOAA-20/JPSS-1 ACTIVE NRT NOAA 750 m
FIRES?
ATSR World Fire Atlas® 1995-2012 ATSR-ENVISAT 1km

18 https://www.usgs.gov/centers/eros/science/usgs-eros-archive-land-cover-products-global-land-
cover-characterization-glcc?qgt-science _center objects=0#qgt-science center objects

19 https://daac.ornl.gov/ISLSCP Il/guides/edc landcover xdeg.html

20 https://forobs.jrc.ec.europa.eu/products/glc2000/glc2000.php

2! http://due.esrin.esa.int/page globcover.php

2 https://land.copernicus.eu/pan-european/corine-land-cover

3 https://www.eea.europa.eu/data-and-maps/figures/ecosystem-type-map-all-classes-1
% https://www.globalforestwatch.org/

25 https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms/v1-vnpl4imgt
26 https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms

27 https://www.star.nesdis.noaa.gov/JPSS/EDRs/products_activeFires N20.php

28 http://due.esrin.esa.int/page wfa.php
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As presented in Table 2.17 the sensors, together with land-cover classification systems
and classification methods varies completely. Also, different definitions of classes (i.e.
Forest) make the comparison of different classification outputs complicated (Pereira
et al., 2006). Another difficulty is their usefulness in monitoring biodiversity. For
example, in CORINE classes a broadleaved forest might be originated from the
plantation with exotic species (i.e. Eucalyptus globulus) and in biodiversity
monitoring perspective it is important to detect a native forest and an exotic plantation
complicated (Pereira et al., 2006). Also in these global assessments, rare ecosystems
(i.e. wetlands and coral reefs) which should be monitored with a particular focus might
be dismissed due to the coarse resolution of the outputs.

2.4.3.1. Forest Monitoring

Since this study focuses on terrestrial realms, forest ecosystems require particular
attention. The monitoring of forest cover and forest functions delivers the information
needed to support the formulation of policies and decisions for the conservation,
protection and sustainable management of forests. Forests play a significant role in
the climate system. About 45% of the world’s terrestrial carbon is stored in forests
(Bonan, 2008). Moreover, forests are inevitable for humans since they regulate,
provide and support several ecological functions (Miura et al., 2015). However forest
is dynamic ecosystems, stimulus impacts such as the fire and logging, or long term
processes such as drought and climate change can change the structure and
composition of forests. Understanding the temporal and spatial extent of these
dynamic interactions enables us to sustain vital ecosystem services in forests. Forest
monitoring focuses the coverage and deforestation (i.e. Global Forest watch), the
biomass (i.e. REDD projects) and the invasion of exotic species at the global scale. In
a local scale, the management (such as thinning, clear-cut etc.), the disturbances such

as pest and fire is monitored.
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The Global Forest Watch aforementioned before in Table 2.17 is an open-source

application to monitor forests in near real-time, globally. As of 2020 the loss graph
presented in Figure 2.27.

TREE COVER LOSS IN TURKEY @ G o o e

From 2001 to 2019, Turkey lost 500kha of tree cover, equivalent to a 5.0%
decrease in tree cover since 2000.
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Figure 2.27. Turkey’s tree cover loss between 2001 and 2019 (Source: GFW, 2020)

Another global forest monitoring program focus on fires. Fire Information for
Resource Management System (FIRMS) is owned by NASA which uses Moderate
Resolution Imaging Spectroradiometer (MODIS) and the Visible Infrared Imaging
Radiometer Suite (VIIRS) and produces near real time active fire data. Figure 2.28
shows the fires in Turkey between 28-30 August 2020.
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Figure 2.28. Turkey’s forest fire timing statistics (FIRMS?®)

Sustainable forest management is a key component in sustainable development and
this common international interest has initiated several global and regional efforts and
rooted back to 1992 United Nations Conference on Environment and Sustainable
Development (UNCED). There are eight international processes exist globally; The
ITTO Process, The Helsinki Process (The Pan-European Forest Process), The
Montreal Process, The Tarapoto Proposal, The Dry Zone Africa Process, The Near
East Process, The Central American Process, The African Timber Organization
Process. In Turkey, The General Directorate of Forestry, has generated national
“Sustainable Forestry Management Criteria & Indicators” by adopting Forest Europe
process and applied them in 2003. Turkey has reported the status of indicators in 2006,
2008 and 2010. After 2011, the monitoring has stopped temporarily and the criteria
and indicator set together with the monitoring efficiency were discussed with wide
spectrum of participants in 2017. The final set includes 40 indicators and 116 sub-
indicators from six criteria (Akyol and Tolunay, 2014; GDF, 2018; Balkiz et al.,
2020). And Figure 2.29 indicate a sample map for one of the indicator (Naturalness)
under forests biological diversity criteria. The criteria list presented below;

29 https://firms.modaps.eosdis.nasa.gov/map/#t:adv;d:2020-08-28..2020-08-30; @35.7,38.3,67
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Figure 2.29. Share of naturalness in the forest area (FOREST EUROPE, 2015)

Turkey is a partner of the International Co-operative Programme on Assessment and
Monitoring of Air Pollution Effects on Forests (ICP Forests) Network. It was launched
in 1985 under the Convention on Long-range Transboundary Air Pollution (Air
Convention, formerly CLRTAP) of the United Nations Economic Commission for

Europe (UNECE). ICP Forests monitors forest condition in Europe at two monitoring

intensity levels:
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The Level I monitoring is based on 5852 observation plots (as at 2019) on a systematic
transnational grid of 16 x 16 km throughout Europe and beyond to gain insight into

the geographic and temporal variations in forest condition.

The Level 1l intensive monitoring comprises 623 plots (as at 2018) in selected forest

ecosystems with the aim to clarify cause-effect relationships.

General Directorate of Forestry has been monitoring the forests at constant sites across
the country until 2006. The monitoring variables are presented in Table 2.18. Turkey
has 608 Level I and 52 Level Il plots (Figure 2.30) (GDF, 2013). However, ICP forests
2018 technical report reveals that Turkey has reported only crown condition variable
for 52 Level Il plots in 2016.

Table 2.18. Data surveys and frequency of ICP plots

Type of Travel Level | Level Il Frequency
Crown condition and damage X X Annual
Soil condition assessments X X 10-20 years
Foliar chemistry X X 2 years
Tree growth X X 5 years
Vegetation and biodiversity X X 5 years
Atmospheric deposition X 2-4 weeks
Meteorological assessments X X Continuous
Soil solution assessment X 1-2 weeks
Phenological assessments X Every week
Ambient air quality X 1-2 weeks
Ozone induced injury X Annual
Litterfall X 1-2 weeks
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Figure 2.30. Distribution of ICP plots (Michel et al., 2018)

2.4.3.2. Long-term Ecosystem Research (LTER) Network

LTER sites are respectively smaller sites (about 1-10 square kilometers), they simply
comprise one habitat type and form of land use. Activities are concentrating on small
scale ecosystem processes and structures (biogeochemistry, selected taxonomic
groups, primary production, disturbances etc.). The site-level has been the most
common in-situ component of LTER over the past two decades. Many sites, set up for
pure research purposes, have been maintained for subsequent projects and were thus
equipped with certain long term monitoring components. There is also a platform level
which is composed of several sites within a defined boundary. The LTER sites
constitute an excellent basis for the development of a research infrastructure with an
internal uniform design and standardized measurements with the aim of (1)
representing various socio-ecological gradients, (2) monitoring not only ecosystem
structures and functions but also critical driving forces, (3) enabling comparison
between Europe to other continental ecological research infrastructures (Mollenhauer
et al., 2018). Tukey has joined the network with two sites 1) Beysehir Lake, 2) Mogan
and Eymir Lakes.
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2.4.3.3. UNEP/WCMC- Protected Planet

Protected Planet is an open-online platform where updated marine and terrestrial
protected areas are shared globally. It is managed by the United Nations Environment
World Conservation Monitoring Centre (UNEP-WCMC). “It works with scientists
and policymakers worldwide to place biodiversity at the heart of environment and
development decision-making to enable enlightened choices for people and the

planet” (https://www.protectedplanet.net/c/about). Information about protected areas

is submitted by governments, non-governmental organizations, and other authoritative
sources and only IUCN protected areas equivalent protected areas are included in the
database. Protected Planet offers a foundation for monitoring and reporting on
progress towards international environmental targets such as the Aichi Biodiversity
Targets and the 2030 Sustainable Development Goals. UNEP-WCMC publishes the
Protected Planet Report every two years that reflect the status of the world's protected
areas and recommendations on how to meet international goals and targets. However,
Turkey’s protected area network is not shared with this platform, yet. Thus, the

biannual reports do not include Turkey protected area statistics.

2.4.3.4. Monitoring Ecosystem Services

Millennium Ecosystem Assessment (MEA, 2005), had stated that similar to
biodiversity, ecosystem services were also declining and a few services (mainly
provisioning services e.g. food supply) had monitored periodically yet, the rest had

been monitored intermittently.

CBD, Aichi Target 14 is related with ecosystem services: “By 2020, ecosystems that
provide essential services, including services related to water, and contribute to health,
livelihoods and well-being, are restored and safeguarded, taking into account the needs

of women, indigenous and local communities, and the poor and vulnerable”.
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EU Biodiversity strategy 2020 is also highlighting the ecosystem services concept,
and put as a target of mapping and assessing the ecosystem’s state and services (Maes

etal., 2016).

Monitoring the ecosystem services requires to understand the underlying mechanism
in supply and demand sides in socio-ecological systems. Tallis et al. (2012) described
monitoring components as supply, delivery, contribution to well-being and value. The
status of the ecosystem together with the human management (positively or
negatively) identifies the amount of supply. However, delivery is the identical
utilization or benefit from that service. The social attributes, demographic properties
and distribution of society and how they connect with nature define the amount/level
of delivery. Contribution to well-being is the benefit to society for consuming or
accessing that service. However, matching key conceptual issues in neoclassic welfare
economics and ecological economics is hardly achieved. Issues are highlighted in
Gowdy and Erickson (2005). Value is assessed often in monetary values. Apart from
direct market values, hedonic values, willingness to pay, avoided costs, preference
surveys are also used in valuation (Balvanera et al., 2017)

National statistics, local field surveys and estimations and enhanced remote sensing
techniques are sources for ecosystem services monitoring. However, these sources are
directly used only for a couple of services (water amount, crop yield, harvested timber,
total carbon, etc.). For to understand the distribution of the service across space and

time numerical models are used in general. Some examples are given below;

e INVEST: The Integrated Valuation of Environmental Services and Tradeoffs
(Tallis et al., 2013).

e LPJmL: The Lund-Potsdam-Jena managed Land Dynamic Global Vegetation
and Water Balance Model (www.pik-potsdam.de/research/climate-impacts-
and-vulnerabilities/models/Ipjml) (Bondeau et al., 2007).

e ARIES: The ARtificial Intelligence for Ecosystem  Services

(wwwe.ariesonline.org) (Bagstad et al., 2013).
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e ESTA: The Ecosystem Service Trade-off Analysis (White et al., 2012).
e MIMES: The Multi-scale Integrated Models of Ecosystem Services

(www.ebmtools.org/mimes.html) (Altman et al., 2014).

e Co$ting Nature (www.policysupport.org/costingnature) (Mulligan 2015).

2.5. What Makes Biodiversity Monitoring Difficult?

Globally, biodiversity monitoring has not had a successful story. Appleby (1991)
reported several problems for a county-level monitoring program as lack of
coordination, lack of statutory support, inadequate funding, insufficient attention to

users’ needs and failure to exploit new technology.

Roberts (1991) stated that most of the monitoring programs are descriptive or
hypothetical which means that first collect data secondly look for patterns and third
think of possible causes. Another process is post-hoc correlative which means that
collecting data followed by establishing a question and then checking the data fits an
answer. These two approaches are highly inefficient. Monitoring everything is
impossible because there will never be enough resources which can be listed as time,

money, equipment and expertise.

Bawa and Menon (1997) advise not only biological monitoring but also an integrated
socioeconomic monitoring was needed to understand the underlying major factors of
change. Then, with this sufficient information of the state of biodiversity could be
used in policymaking conservation decisions. For example, land-use patterns change
are linked to population density and growth rate. Other causes might be consumption
patterns, competition for resources by different segments of society or individuals at
national and global scales. Also, the inequity in share and access to natural resources,
and inadequate economic valuation of nature contribute to the mounting loss of
ecosystems. They also criticize the scale problem in monitoring. Mostly the biological
data and socioeconomic data do not match.

Lindenmayer and Likens (2018) provided examples of failures. For example in New

Zealand grasslands more than 55% of monitoring programs were unreported. “Data-
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rich but information poor” syndrome is also reported by water quality monitoring.
Dixon et al. (2019) conducted a survey of 243 protected area staff from 55 countries
about the effectiveness of monitoring and evaluation. They indicated that 64% of the
respondents informed the ineffectiveness of monitoring efforts. So, what makes
monitoring successful? What are the key components of successful programs? The

failure reasons are listed by Lindenmayer and Likens (2018) as in Table 2.19.

Table 2.19. The list of problems causing failures in monitoring (Lindenmayer and Likens, 2010)

Problem

Mindless, lacking question

Poor experimental design

Monitoring too many things poorly rather than fewer things well

Failure to agree on what entities to monitor

Flawed assumption that all monitoring programs can be the same

Scientific disengagement from monitoring programs

Poor data management

Loss of integrity of the long-term data record

Lack of funding

Loss of key personnel

Unexpected major event

In addition to Lindenmayer and Likens (2010) findings which were listed in
Table 2.19, new items have been highlighted by Dixon et al. (2019) such as
organizational culture and commitment, staff capacity, lack of thresholds and
protocols (Figure 2.31). They listed broader implications for improvement as (1)
increasing cooperation between science and management, (2) developing and
implementing standard protocols for data entry, share and storage, (3) increasing
reporting frequency, (4) generating biodiversity thresholds or triggers for action; and

(5) documenting management intervention options.
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Figure 2.31. Suggestions for better monitoring (Dixon et al., 2019)

Another challenge arises on “what to monitor?” question. Lindenmayer and Likens
(2010) summarize two approaches. The first one is the “laundry list” approach which
is simply monitoring a large amount of the entity. This approach is out of establishing
monitoring on a well-designed question and makes monitoring highly resource (time,
money etc.) consuming. The second approach is focusing on “indicator species or
groups”. It is necessary to state indicators by answering two issues; (1) which
ecosystem components are characterized by this indicator? (2) Which circumstances
cannot be characterized by this indicator? However establishing a monitoring program
mostly rely on indicators is still problematic because of the following reasons; 1)
Indicators are specific to organisms, landscapes and ecosystems. Once the situation
changes, then the responsiveness of indicators may decrease. 2) Environmental change
can impact different organisms in different ways. Furthermore, the same species might
respond to different ways in different ecosystems. 3) Considering the wide spectrum
of environmental change, it is hard to detect the causal relationship between the

indicator and its representative group.

Another issue is the reliability of monitoring. This problem has several aspects;

101



Involving citizen science and non professionals create reliability problems
(Buesching et al., 2014). Data reliability in species identification are highly
dependent upon taxonomic groups. In general higher taxonomic groups can be
correctly identified by volunteers. In case a misidentification is made, quality
assurance and quality control are keys to overcome this problem. For example
iNaturalist use community not only for species recordings but also for
confirming observations.

Data validation which requires extra effort, is the missing ingredient in most
monitoring activities. Establishing checklists with constraints of time and
space, and generating automated evaluation of data submission are tools used
in validation.

Existing monitoring data have some common biases (uneven observations in
temporal, spatial, taxonomic aspects). Accurate information can be attained by
statistical approaches, such as sampling bias, detection, measurement error,
identification, spatial clustering, and uncertainty analyses (Chandler et al.,
2017).

Lack of standard sampling protocols cause variance in measurements by

different people.

2.6. What Makes Biodiversity Monitoring Efficient?

Biodiversity monitoring should be goal-oriented and provide a framework for
predicting the behavior of key ecological attributes to improve management, expand
management options and provide early warning of system changes. Successful

monitoring criterions can be listed as (Stork et al., 1996):

Precise description of the spatial and temporal scales of investigation and
management
Clear-mind on the feasibility of the monitoring activity considering the time

scale of the project
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e Use of an appropriate taxon or taxa to provide the information necessary to
illustrate relevant changes

e Use of constant methodologies, including statistics while providing results
that are comparable with other sites at a local, regional and global level

e Standardisation of data collection and statistical analysis

e Assuring data on not only biotic variables but also abiotic and anthropogenic

variables are recorded

The monitoring is a case sensitive subject; specific methods and particular entities can
only be relevant with a given place and time under certain circumstances. So the
gained knowledge (and answers to the above-listed questions) commonly cannot be
transferable to other circumstances and regions (Lindenmayer and Likens, 2010). A
vast amount of studies focus on the experimental design, indicator development, and
interpreting plausible results. Although this knowledge cannot be adopted simply, this
information is still valuable to guide and develop monitoring efforts. In this section,
some examples are presented to set up some basic background.

2.6.1. Building Consensus in Indicators

Up to now several indicators and index (indices) were commonly used in monitoring
due to the community interest both in science and policy, the ability to compare them
for different times and different places. However, some complex issues arise with the

usage of them. Here, | will give the definition first and present examples on them.

An indicator is a parameter or value derived from parameters which describe the state
of a phenomenon /environment. In biological studies, an indicator is a selected
variable that indicates something about the condition of the environment by way of its
condition, behaviour or presence (Spellerberg, 2005). Broadly accepted indicator term
evokes “indicator species”. Noss (1990) put forward the definition of indicators far
beyond its common usage as “measurable surrogates for environmental endpoints”.

According to Noss (1990) indicators should have fundamental attributes;
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e Dbe sufficiently sensitive to provide an early warning of change

e Dbe distributed over a broad geographical area

e Dbe capable of providing continuous assessment over a wide range of stress
e De relatively independent of sample size

e be easy and cost-effective to measure

e be able to differentiate between natural and human-induced stress

The index is defined as a set of aggregated or weighted parameters or indicators
(Spellerberg, 2005). For many decades, indices have been used in monitoring
environment, tracking standards and quality of the environment. Also, there are many
composite indices covering environmental and sustainability parameters. Some

examples are presented in Table 2.20.

Table 2.20. Examples of Biodiversity Index

Index Name Content Coverage
The Living Planet 3 subindex covering ; Global
Index3° 4,658 monitored populations of 1,678

terrestrial species.

3,324 monitored populations of 881
freshwater species.

6,170 monitored populations of 1,353
marine species.

The Environmental | 32 indicators across 11 issues 180
Performance Index3! countries
Ecological Footprints®®> | 6 indicators Global

Biodiversity Intactness | The average richness- and area-weighted | 8 countries
Index (Scholes and | impact of a set of activities on the | in Africa
Biggs, 2005) populations of a given group of
organisms in a specific area

These index-based monitoring provide valuable trend information however their

accuracy depends on the available information. For example, the population data is

30 https://wwf.panda.org/knowledge hub/all publications/living planet index2/
31 https://epi.yale.edu/
32 https://www.footprintnetwork.org/our-work/ecological-footprint/
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restricted to the temperate region and even the distribution of the target population is
incomplete due to global data gaps. Thus, it is hard to estimate the magnitude of

change with this summarized extract information (Pereira and Cooper, 2006).

Biodiversity measurements guide to track the change for the same place over time and
enable to compare the status of biodiversity for different places. However broadly
accepted biodiversity measures are highly ambiguous since its complexity in the
forms, types, spatial arrangements, processes and interactions (Scholes et al., 2012).
Considering the complexity one broadly used metric can be given as an example; the
number of species. It is influenced by the scale of observation and the change in the
metric is visible only after the species have been lost (Scholes et al., 2008). The
biodiversity data can be transformed into indices. Those indices present sensitivity to
track change but it is hard to understand the triggering mechanism and trends behind
(Scholes et al., 2008).

Several authors have developed methodological studies for selecting indicators.
Primarily, Niemeijer and Groot (2008) presented a framework for selecting
environmental indicator sets. They put casual chain frameworks (Figure 2.32) in the
center of their study and highlighted the importance of selecting criteria for each node
in the selected chain. For example, land conversion creates pressure on biodiversity,
and the state of biodiversity may shift to a new stage. And in this scenario, the response
might be regarded as developing protected areas (PSR chain). Another example is the
decrease of fertilizer’s market price and an increase in market demand (driving force)
then simultaneously the use of fertilizer increases (pressure). This pressure changes
the nitrogen concentrations in air, water and soil and its process in the N cycle such as
run-off, deposition, leaching (state). This new stage impacts organisms starting from
algae population to fish and birds (impact). The enhancement of regulations on
fertilizer use is the response. Monitoring should regard each stage in this chain.
However, it is very complicated to distinguish the incidents and labelling them
because of complex ecosystem interactions together with the uncertainties in policy

and socio-economic systems.
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Figure 2.32. Conceptualization of three casual chain frameworks: a) PSR, b) DSR and c) DPSIR

(Niemeijer and Groot, 2008)

Niemeijer and Groot (2008) also presented a basin for traditional selection criteria by

searching for nine discussed resources (Table 2.21). They suggested first constructing

a casual chain for each monitoring question and mapping a network and identifying

the most essential nodes in the network and consequently applying these useful

traditional criteria presented in Table 2.21. The most acknowledge criteria are

measurability, low resource demand, analytical soundness, policy relevance and

sensitivity to changes within policy time frames.

Table 2.21. Commonly used environmental indicator selection criteria (Niemeijer and Groot, 2008)

Criterion

Description/explanation

Scientific dimension

Analytically soundness

Strong scientific and conceptual basis

Credible

Scientifically credible

Integrative

The full suite of indicators should cover
aspects/components/gradients

key

General importance

Bear on a fundamental process or widespread change

Historic dimension

Historical record

Existing historical record of comparative data

Reliability

Proven track record
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Table 2.21. Commonly used environmental indicator selection criteria (Niemeijer and Groot, 2008)

(continued)

Systemic dimension

Anticipatory

Signify an impending change in key characteristics of the
system

Predictable

Respond in a predictable manner to changes and stresses

Robustness

Be relatively insensitive to the expected source of interference

Sensitive to stresses

Sensitive to stresses on the system (likelihood of response, the
magnitude of the response)

Space-bound

Sensitive to changes in space

Time-bound

Sensitive to changes within policy time frames

Uncertainty about level

High uncertainty about the level of the indicator means we
can really gain something from studying it

Intrinsic dimension

Measurability

Measurable in qualitative or quantitative terms

Portability

Be repeatable and reproducible in different contexts

Specificity

Clearly and unambiguously defined specificity to the threat.
Is X responsive to other threats?

Statistical properties

Have excellent statistical properties that allow interpretation

Universality

Applicable to many areas, situations, and scales

Financial and practical dimensions

Costs, benefits and cost-
effectiveness

Benefits of the information provided by the indicator should
outweigh the costs of usage

Data requirements and

availability

Manageable data requirements
availability of existing data

(collection) or good

Necessary skills

Not require excessive data collection skills

Operationally simplicity

Simple to measure, manage and analyse

Resource demand

Achievable in terms of the available resources

Time demand

Achievable in the available time

Policy and management dimensions

Comprehensible

Simply and easily understood by the target audience

International compatibility

Be compatible with indicators developed and used in other
regions

Linkable to societal

dimension

Linkable to socio-economic developments and societal
indicators

Links with management

Well established links with specific management practice or
interventions

Progress towards targets

Links to quantitative or qualitative targets set in policy
documents

Quantified Information should be quantified in such a way that it
significance is apparent

Relevance Relevance for the issue and target audience at hand

Spatial and  temporal | Provide information at the right spatial and temporal scales

scales of applicability

Thresholds Thresholds that can be used to determine when to take action

Use-driven User-driven to be relevant to target-audience
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Another framework was developed by Rice and Rochet (2005) for monitoring
fisheries management success. In their approach first, the user groups and their needs
were identified. Secondly, a list of candidate variables was selected. In the third step,
the candidate indicators were weighted into nine screening criteria which can be listed
as concreteness, theoretical basis, public awareness, cost, measurement, historic data,
sensitivity, responsiveness, and specificity (Table 2.22). Then, the indicators were
scored against the criteria and the outputs of the scoring were summarized. This

synthesis was used for prioritizing indicators in the final stage.

Table 2.22. List of criteria and an example of relative importance among user groups (Rice and
Rochet, 2005)

Technical

experts & Decision-makers General
Criterion advisors &managers audience
Concreteness Minor Moderate/high High
Theoretical basis High Minor Minor
Public awareness Minor Moderate High
Cost Minor High Minor to High
Measurement High Minor Minor
Historical data High Minor Minor to High
Sensitivity High Moderate Moderate
Responsiveness Moderate High Minor
Specificity Moderate High Minor

Scheele et al., (2019) evaluated the quality and extent of monitoring efforts for
threatened species in Australia based on nine metrics (Table 2.23).
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Table 2.23. Description of metrics used for evaluating the monitoring efforts by Scheele et al., 2019

Metric Description

Fit-for-purpose The use of methodologies designed to optimize
detection of the target species.

Coverage The spatial extent of monitoring efforts across the
target species' distribution.

Periodicity Frequency of monitoring.

Longevity The longevity of monitoring.

Design quality The statistical power of monitoring to detect trends in
the occupancy/abundance of the target species.

Coordination The coordination of monitoring efforts among relevant
jurisdictions and stakeholders.

Data availability and The availability and reporting of monitoring

reporting information.

Management linkage Integration of monitoring and management actions.

Demographic parameters  The inclusion of demographic parameters in
monitoring efforts.

2.6.2. Optimizing Sampling Effort

Hoffmann et al. (2019) hypothesized that the information content of diversity and
richness indices level off with the number of subplots (Figure 2.33). They sampled
various sizes of plots and subplots and compare the results for diversity and richness
indices. For all plot sizes and diversity indices, it is valid to say that as plot quantity
increases the information also increases. However, when plot quantity stays constant,
the information does not saturate as increasing plot size. The results showed that
richness values increased with subplot size, regardless of the subplot number. Thus,
the largest plots appear to be the optimal size for the delivery of richness information.
And for both (diversity and richness) indices the optimum number of plots are
recorded as 54 and 36 for plot sizes 2 m x 2 m and 4 m x 4 m, respectively. But they

also mentioned that the plot shape and spatial arrangement of plots can affect the
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information entropy and this output may not be applicable to other regions due to the
dispersal mechanisms of organisms, species density effects and small scale

heterogeneity of environmental conditions.

low Information entropy high

I Optimal

I plot size or

I quantity

I

I
low Plot size high
low Plot quantity high

low Sampling effort (time & cost)  high

Figure 2.33. Theoretical relation between optimal size and number of sampling plots (Hoffmann et
al., 2019)

Similarly, Archaux and Berges (2008) performed another optimization problem in
temperate forests such that detecting 10% change in initial species richness with o=
=0.5 over 5 years for ongoing long-term floristic monitoring program by comparing
sampling sizes. They illustrated decreasing quadrat size from 300-400 square meters
to 100-200 square meters lowers the inventory cost approximately 15% (Figure 2.34).
The confidence intervals are overlapping for 300 and 400 square meters quadrat sizes.
In case the detection target would be manipulated from 10% to 20% then quadrat sizes
could be easily shifted to 100-200 square meters so that the corresponding sampling

cost does not exceed some fixed amount.
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Figure 2.34. Effect of minimum detectable effect size (5, 10 or 20% of initial mean species richness)
on the relationship between quadrat size and MSS (4rchaux and Berges, 2008)

Gardner et al. (2008) executed a cost-benefit analysis for biodiversity survey in
tropical forests. They compared 14 different taxa across three forest types in the
Brazilian Amazon. This was the first study for the region which explicitly accounted
survey costs (e.g. ¢.$200 for dung beetles to c. $13 000 for fruit flies). And they
concluded that the cost of processing specimen (or deriving species records) and body
size has no systematic relation. It is obvious that easily detectable large mammals are
the cheapest taxonomic group and the most expensive taxonomic groups have the
smallest body size (such as fruit flies). However many plants and a number of
vertebrate taxa (e.g. rodents and marsupials, leaf-litter amphibians and lizards) often
required intensive processing for species identification. They demonstrated the
economies of scale in combining sampling techniques for several groups can reduce

survey costs, and consequently improve the cost-effectiveness of monitoring.
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2.6.3. Identifying the Survey Details

Identification of species to be monitored constitutes another debate in monitoring.
Each author highlighted the importance of defining a clear monitoring goal. For
example, Tulloch et al. (2013) developed a framework by conducting a cost-benefit
analysis in monitoring invasive mammals for the recovery of 14 native Australian
mammals. Similarly, Joseph et al. (2008) studied the management of the threatened
species of New Zealand with the aim of securing the greatest possible number of
unique species. They used project prioritization protocol (PPP) for optimizing
resources and assessed the costs, benefits and the likelihood of management success.
Geijzendorffer et al. (2016) conducted a comprehensive analysis of the cost-
effectiveness monitoring in farmlands by collecting 12 case studies across Europe.
Their research question was whether “a 10% change in species richness in 5 years
could be identified with a 10% probability error for farmland biodiversity”. They
compared species richness overtime for four taxa (vascular plants, earthworms,
spiders and bees) and develop scenarios for Common Agricultural Policy (CAP)
budget (2014-2020).

Also, expert judgements were used in ranking the species importance. For instance,
Boykin et al. (2013) used mapping and included stakeholder evaluation for developing
an approach in a national-scale product by comparing 20 mappable biodiversity

metrics related to ecosystem services in the USA.

Additionally, Nielsen et al. (2009) benefit the simulation models (i.e. Generalized
Estimating Equation) to determine the number of monitoring sites and duration of
monitoring necessary to detect a 3% annual change in species prevalence and they
choose certain taxonomic groups by comparing the statistical power of species

(prevalence, detectability, etc.) in Canada.

Another contribution was done by Henry et al. (2008) by assessing the monitoring

schemes in Europe (EuMon consortium, 2006). Their findings presented that there are

112



clear linkages between the taxonomic groups and their cause of change (Table 2.24).

So definition of “why to monitor” also guides the “what to monitor question” question.

Table 2.24. Proportions of monitoring schemes which documents a given cause of change (Henry et

al., 2008)
Taxonomic Land | Fragmen- | Climate | Pollution | Invasive | Nb.
group use | tation change species | schemes
Birds 0.79 |0.28 0.48. 0.31 0.19 95
Mammals 0.83 |0.58 0.15 0.13 0.10 48
Reptiles, 0.88 | 0.67 0.33 0.55 0.55 33
amphibians,
& fishes
Butterflies 0.82 |0.57 0.57 0.14 0.14 28
Other 0.78 |0.41 0.41 0.52 0.33 27
invertebrates
Plants 0.82 |0.48 0.27 0.34 0.39 44
Fungi & lichens | 0.57 | 0.29 0.57 0.86 0.14 7
Several 0.89 |[0.70 0.33 0.26 0.33 27
taxonomic
groups
Nb. schemes 228 | 146 107 92 72 309

Another discussion is choosing the most effective survey technique. Franco et al.
(2007) compare the radio-telemetry and transects surveys, in the study of habitat
selection by the lesser kestrels (Falco naumanni). They developed a cost-efficiency
analysis by comparing the achieved results for different subsamplings. Although
telemetry is more resource-demanding (312 EUR) technique, it allows data sampling
in areas with poor access. In contrast, transect counts require specific expertise, but
cheaper (82.5 EUR) than telemetry but highly depended on the existing road network.

2.6.4. Collaboration between Environmental Agents

Collaboration between the biodiversity actors and the global environment agenda
(such as sustainable development, carbon and land degradation) is needed.
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Venter et al. (2013) highlighted monitoring effort would be maximized by engaging
the REDD+ projects (Reducing emissions from deforestation and forest degradation,
plus the conservation, sustainable management and enhancement of forest carbon
stocks). In lower-carbon areas, using the novel REDD opportunities for protecting
forests and allocate the remaining fund in biodiversity monitoring creates free-ride.
They solved the optimization problem with MARXAN and develop options for
several scenarios regarding REDD+ strategies together with conservation values in
Berau, Indonesia where the Bornean orangutan (Pongo pygmaes morio) and High

Conservation Value (HCV) areas exist.

Another recommendation was done by Henle et al. (2013) about analyzing reporting
priorities in supranational biodiversity legislation and policies in Europe. They
compared the Annexes of the Bird and Habitat Directives, international conventions
and the IUCN European red lists. They highlighted that monitoring priorities attached
to policy needs can obtain governmental funds. Also, there is a high overlap of
taxonomic lists (Figure 2.35) defined by several policy reportings. This synergy

among policies can increase efficiency.

EU Council Regulation on Trade
in Wildlife Species (EC-WTR),
Annexes A & B

Convention on Migratory
Species, all Appendices (CMS)

European Red Lists, CR & EN

EU Habitats Directive all
Annexes &
EU Birds Directive Annex |

EU Habitats Directive
all Annexes SATEEE >,
& '\ 1489,’

Convention on the Conservation
of European Wildlife & Natural
Habitats (BC), Annex | & Il

......

EU Birds Directive Annex |

\ Red Lists
781

Figure 2.35. Number of species listed in European policy documents (Henle et al., 2013)
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Another study evaluated the monitoring networks of Brazilia at national extent (de
Oliveira Roque et al. 2018). They suggested developing a Network of Networks
connected by indicators using fuzzy logic from existing monitoring programs (for
example linking water quality monitoring (currently 1000 station) more into protected
areas (only 94 of them are inside PAs). The first step should be connecting all of the
frameworks and ongoing initiatives in the same platform. They highlighted the
problematic issues as; (1) development and implementation of an integrated
information chain from monitoring to policy reporting; (2) capacity building to
establish a comprehensive spatial monitoring program; and (3) developing and
optimizing semantics and ontologies for data interoperability.

2.6.5. Engaging Citizen Science

Due to the inherent nature of human behaviour in space and time, some redundancies
and gaps exist in data. Some popular sites are visited more frequently and some sites
are unsampled. The data are noisy and uncertainty exists in most of the unstructured
or semistructured projects. For example, Callaghan et al. (2019) highlighted the
potential of citizen science data in biodiversity monitoring in the greater Sydney
region Australia. In Figure 2.36, they showed the noisy character of population trend
models developed from approximately 26000 sampling events between 2010 and
2018. In this study, they examined the options for decreasing uncertainty in population
trends by searching the marginal value of each sampling event for 5, 10, 25 and 50
km? grids. They found that while grid size increases, the importance of visiting an
unsampled site also increases. They also highlighted the importance of understanding
the minimum number of sampling events in a region. They used the definition of a
checklist as “a list of all species identified for given spatiotemporal coordinates” and
clarified the minimum number should be approximately 11.700 checklists for fifty
species. A similar study conducted by Horns et al. (2018) used list length analysis
(LLA) to detect the variation and used it as a proxy for observer skill and effort in the

USA. They highlighted that approximately 10.000 e-bird checklists are enough to
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provide reliable trend analyses. However, the marginal distribution of species in
geographical and elevation ranges can impact the trend estimate. Thus, they
recommended that opportunistic data can be used to estimate population trends of

species, especially of widespread species.
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Figure 2.36. Noisy character of e-bird data for Greater Sydney (Callaghan et al., 2019)

2.6.6. Adopting Technological Improvements into Monitoring

2.6.6.1. Camera traps

Novel shooting techniques in photography with better technology of cameras make
the usage of camera traps popular. The motion-sensitive sensors capture the species
photo without disturbance. These traps are extremely efficient in large mammals.
Photos are used in analyzing the distribution of species, estimating species abundance,

tracking behaviours and also detecting poachers.
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2.6.6.2. Web Sites and Portals

Several examples of citizen science engagement presented in Citizen Science and
Community Platforms section. Apart from these community sites, the national
databases provide customization of needs. These platforms present a great opportunity

to acquire data and to disseminate the knowledge.
2.6.6.3. Mobile Devices and Sensors

Cellular phones are the most important device for several reasons 1) their network
access is well-distributed around globe. 2) their battery power is improving by about
20% every year. 3) the application development is a growing industry and there are
many successful free applications (Kelling, 2018). Mobile devices enable instant
recording of observations with an acceptable degree of spatial certainty since most of

the smartphones and tablets have GPS (Global Positioning System).

High-quality photos taken by these devices, provide evidence of observation, and also
used in quality controls of non-professional data contributors. Also special sensors
such as microphones etc. are used in measuring environmental variables (NoiseTube
project; http://noisetube.net/). Also, other sensors wore or transported by volunteers
are used in measuring air quality, air pollution, water quality and flooding

(http://www.citizen-obs.eu/).

2.6.6.4. Artificial Intelligence and Augmented Reality

Either audio or image data streams records petbytes of data every year. Storing big
data and analyzing and processing it is a huge challenge. However recent
technological advances augment the process, transfer and store by the Internet of
Things and cloud computing and storage. Any sensor connected in a communication
network can transfer data from remote inaccessible areas to smaller base stations then
to data loggers and servers. Deep learning techniques are highly used in audio and
image data exploration (Klein et al. 2015).
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Machine learning is a subdivision of artificial intelligence and frequently used in
remote sensing applications (for instance ecosystem condition and function maps, land
cover classifications) and generation of species distribution models. They are efficient
in both regression and/or classification of nonlinear systems. They are universal
approximators and they learn the behaviour of a system component from a set of
training data (or species occurrence data), they don't require apriori knowledge or
estimation about the system. The types of the algorithms commonly used are artificial
neural networks (ANN), support vector machines (SVM), self-organizing map
(SOM), decision trees (DT), ensemble methods such as random forests, case-based
reasoning, neuro-fuzzy (NF), genetic algorithm (GA), multivariate adaptive
regression splines (MARS), etc. (Lary et al., 2016)

Artificial intelligence is used in global camera trap data management and analytics.
For example, wildlife insights (https://www.wildlifeinsights.org/home) monitors
millions of camera-trap images around the world. Its artificial intelligence service
distinguishes automatically images with people, non-human animals and no animals.
Then the non-human images are further analyzed to detect specific species and labels

are sent back to the submitter for review (Thau et al., 2019).

Fedor et al. (2009) used artificial neural networks in monitoring pests. They evaluated
101 European economically important thrips (Thysanoptera) species and their results

showed 95% reliability in detection.

Augmented reality is used in identifying species in the field and make a huge
contribution in the identification of plants. Mobile augmented reality systems inspects
a large database of virtual species and displays specimens and inspects computer
vision-based visual search results in the form of virtual vouchers (White et al., 2006).
Law et al. (2012) developed a smart application by using augmented reality and
increased the reliability of citizen science data for monitoring trees, shrubs, non-native

plants, canopy cover etc.
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2.6.6.1. Soundscape Ecology

Automated acoustic recognition of species aims to provide a cost-effective method for
biodiversity monitoring especially for not only detect species buy also quantify the
anthropogenic disturbance (Farina et al. 2014). Amphibians, birds and mammals have
unique acoustic signatures (singing of birds, croaking of amphibians, chirping of
grasshoppers, etc.). Progress has been made in the automatic analysis of soundscapes

with the creation of 3D sound profiles (https://www.recordtheearth.org/index.php)

through sound patch analysis and acoustic gap analysis (Schmeller et al., 2017).
Kasten et al. (2012), developed a system which automates to classify acoustic sensor
observations into the Remote Environmental Assessment Laboratory (REAL) digital
library. They tested unsupervised machine learning techniques for synoptic patterns
clusters and manual census patterns in a wetland. The method is useful also for

estimating abundance.

The acoustic diversity of a soundscape can be indicative of the richness of an acoustic
community and the structural/vegetation characteristics of a habitat. Turner et al.
(2018) tested the efficiency of acoustic diversity tools in a forest in the UK. They
distinguished between acoustic communities of birds and found a strong correlation
between sound patterns and landscape (canopy characteristics and forest stand age).
They suggested this low-cost monitoring, can guide the adaptive management of

forests while securing the taxonomic diversity of the biological community.

2.6.6.2. Environmental DNA (e-DNA)

e-DNA is a promising technique which can be used in rapid measurements and
monitoring of biodiversity. The environmental samples taken from several
environments (soil, water, ice) are analyzed with DNA sequencing methods. The most
powerful attribute of the method is its ability to present information about species
distribution, abundance and population dynamics without collecting the organism
(Beng and Corlett, 2020). e-DNA studies based on barcoding (PCR) and
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metabarcoding. The difference is barcoding uses species-specific primers while
metabarcoding uses universal primers from millions of DNA fragments of the most
possible species ranges. Thus detection of single species can be done by barcoding
and community measurements done by metabarcoding. Beng and Corlett (2020) listed
the beneficial areas of e-DNA as;

1. Detection of invasive, rare, cryptic species and biodiversity monitoring in
difficult access habitats.

2. Metabarcoding is useful to understand the current but also the ancient
biodiversity patterns

3. To understand diet and trophic interactions and ecosystem dynamics

4. To monitor ecosystem health and dynamics

The environmental conditions defines the applicability of e-DNA methods. The major
sampling areas are soil, permafrost, freshwater and seawater. However degradation of
genetic material in warm and humid conditions is faster (Beng and Corlett, 2020).
Also, the water samples present information about contemporary status of
biodiversity. On the other hand soil samples can give information back to decades or
centuries. Also deep sediments in water column includes ancient DNA and possible
release of them creates suspicion in measuring current status. The other problematic
issue is the spatial transfer of DNA traces by predators, humans especially in flowing

waters (Thomsen and Willerslev, 2015).

2.6.6.3. Remote Sensing

Remote sensing can be defined as a technique for acquiring data on an object without
coming into direct contact with it. Fundamental of remote sensing is the fact that
objects reflect or emit different amounts of radiation at different wavelengths. Almost
all the radiation wavebands can be exploited for remote sensing, ranging from radar
to microwave (Budd, 1991).
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Remote sensing allows large-scale characterization of biodiversity in a systematic,
replicable and spatially comprehensive way. Duro et al. (2007) synthesized the
capabilities of remote sensing for a national monitoring system in Canada. They used
four key indicators of diversity that can be inferred from earth observation data:
productivity, disturbances, topography and land cover. Monitoring these indicators
overtime at the ecosystem level has the potential to create a national early warning

system, pointing out areas where the biodiversity may be altering.

Turner et al. (2015), defines remote sensing as a key to overcome monitoring globally.
They determined three factors which significantly contributes to this outcome; 1) Data
continuity which refers to long-term data products (this attribute allows historical,
time-series analysis) 2) Affordability which refers the cost of images. Many free and
open access satellite galleries provide invaluable resources. 3) Data access describes
the ability of end-users to discover, query, modify and extract values from satellite

images and link them to necessary information and monitoring goals.

In terrestrial ecosystems remote sensing can be used to map the following items
(Geller et al., 2017);

1. Ecosystem structure and composition by means of supervised and
unsupervised classification.

2. Ecosystem function such as net primary production, albedo, land surface
temperature, and also ecosystem functional types which characterize energy
dynamics and exchange of matters.

3. Ecosystem change by assessing the land cover and land-use change.

4. Species identification by using very high-resolution images (<5¢cm). Low-cost
drones (<$2000) are used in census counts.

5. Plant Functional Types which are groups of species having similar functions.
The idea is species with similar functions share similar spectral signatures.

Creating a functional combination allows scaling of vegetation communities.
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6. Landscape genetics. For example identifying landscape spatial features (how
fragmented, how wild etc.) can guide the genetic research. The major questions
are; How habitat fragmentation affects the genetic pool? Which areas should

be protected in order to maximize genetic diversity?

Several remote sensing instruments and methods can serve to track biodiversity.
Vihervaara et al. (2017) summarized different resources and their utilization in
Finland (Table 2.25). They also investigated the usefulness of earth observations for
meeting the essential biodiversity variables and concluded that ecosystem function,
ecosystem structure, community composition and species traits could considerably

benefit from remote sensing at a national scale.

Table 2.25. Contribution of remote sensing instruments in Finnish Biodiversity Monitoring
(Vihervaara et al., 2017)

Instrument Spatial Biodiversity indicator
resolution

Coarse spatial resolution 250- Algae, Organic matter, pollen

(MODIS, AVHRR, MERIS, 1200m season*

Sentinel 3)

Medium to high spatial 5-30 m Forest fragmentation, tree line,

resolution (Landsat, SPOT5&6, tree species compositions*, bird

RapidEye, Sentinel 2) and butterfly habitats*

High temporal resolution 22-1000m | Tree species composition,

(MODIS, AVHRR, Sentinel 2) pollen season*

Very high spatial resolution 0.5-4m Forest vegetation, tree species

(IKONOQOS, QuickBird, GeoEye, composition, deadwood*, bird

WorldView) and butterfly habitats*,

butterfly range shifts*, seals

Hyperspectral (Hyperion, AISA, | 1-2mand | Forest vegetation, tree species

AVIRIS) 30m composition

Active remote sensing data 1-100m Forest age structure, forest

(SARs, ERS, ASAR, Radarsat, birds*, wildlife richness, tree

Cosmo-Ksymed, Sentinel 1, Species composition

LIDAR)

* requires other datasets (e.g. in-situ data, statistics)
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Remote sensing is also used to detect natural disturbances. An experiment was
conducted in Kruger National Park to test the fire detection performance of Sentinel-
2. On October 16, 2018, the fire team managed to ignite two controlled fires on the
experimental plots, just in time for both Sentinel-2 and Sentinel-3 to detect these fires
during their daily quotidian overpasses.

The experimental burn detected by Sentinel-2 using visible spectrum (left) and infrared
(right) in the Kruger National Park on 16 October 2018. © Gareth Roberts

Figure 2.37. The experimental fire ignition caught by Sentinel 2 (Source: SAN Parks Research Report
2018-2019%)

In Table 2.26 especially large scale national monitoring programs which use remote

sensing are listed.

Table 2.26. Large scale monitoring programs using remote sensing

Definition Scope- Gallery Reference

Ecosystem
National Inventory of Canada- Sentinel 1 & | Mahdianpari et al.,
Wetlands Wetlands 2 2020
Change detection for USA, Landsat & Willis, 2015
ecological monitoring Protected MODIS

areas
Natura 2000 habitat Europe, Review Borre et al., 2011
monitoring Natura 2000-
Large area biodiversity Canada- Landsat, Duro et al., 2007
monitoring system national scale | MODIS,

SRTM

33 https://www.sanparks.org/scientificservices /wpcontent/uploads/2020/04/2019-research-
report.pdf)

123


https://www.sanparks.org/scientificservices%20/wpcontent/uploads/2020/04/2019-research-report.pdf
https://www.sanparks.org/scientificservices%20/wpcontent/uploads/2020/04/2019-research-report.pdf

Table 2.26. Large scale monitoring programs using remote sensing (continued)

Definition Scope- Gallery Reference
Ecosystem

Biodiversity monitoring Australia- Review Eyre etal., 2011

framework for the rangelands

Australian rangelands

Growing stock and above- | Europe, MODIS Gallaun et al., 2010

ground biomass in forests | Forests

Unmanned aerial vehicles (drones) are increasingly popular in the conservation
community since they are effective and cost-saving solutions for field-based tasks
such as the detection and monitoring of wildlife and their habitats (e.g. Koh and Wich,
2012; Hodgson et al., 2018). Although it is widely considered as a promising
instrument for wildlife surveys, drone technology in combination with a variety of
associated sensors, such as thermal or RGB cameras, has been used in a very limited
range of conditions. Such cases include the measurement of large animals (Corcoran
et al., 2019) or the location of bird nests (Andrew and Shephard, 2017).

2.7. Some Examples of Large Scale Monitoring Programs

2.7.1. Switzerland

The  national  biodiversity  monitoring  programme  of  Switzerland

(https://www.biodiversitymonitoring.ch/en/home.html) comprises 34 indicators based

on three pillars of indicator sets; pressure indicators, state indicators and response
indicators until the end of 2015 (Table 2.27). From 2016 the program focuses
measuring species diversity of selected plant and animal species (also covers common
species) in systematic sampling grids at three scales; species diversity in landscapes,
species diversity in habitats and diversity of species communities. Species diversity in
landscapes consists of app. 450 sampling areas covering 1 square kilometer. VVascular
plants, butterflies and breeding birds (by the Swiss Ornithological Institute) are under

focus and 20% of the total surface being sampled each year. Species diversity in
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habitats covers roughly 1,450 sampling areas covering 10 square meters each. Habitats
include forests, grassland, settlements, arable land, alpine pastures and mountains.
Surveys target vascular plants, mosses and mollusks. Diversity of species
communities describes the development of species compositions in various habitats

and within Switzerland’s regions. It is based on presence and absence data of

individual species gathered in the other samplings.

Table 2.27. Indicator set of National Biodiversity Monitoring of Switzerland until 2015

Pressure Indicators

State Indicators

Response
Indicators

- Size of Areas of Defined
Use

- Size of wilderness areas

- Length of linear landscape
features

- Diversity of Land Use and
Land Cover

- Nutrient supply in the soil

- Intensity of Agricultural
Land Use

- Forest area dominated by
non-indigenous trees

- Area of artificially
regenerated young
woodland

- Deadwood

- Volumes of water
withdrawn from
watercourses

- Proportion of adversely
affected watercourses

- Water quality
- Landscape Fragmentation

- Number of Livestock Breeds
and Plant Varieties

- Proportion of Livestock
Breeds and Plant Varieties

- Species Diversity at
National and Regional Level
- Number of species in

Switzerland facing global
extinction

- Change in the
Endangerment Status of
Species

- Population Size of
Endangered Species

- Species Diversity in
Landscapes

- Population Size of Common
Species

- Species Diversity in
Habitats

- Size of Valuable Habitats

- Quality of Valuable
Habitats

- Diversity of Species
Communities

- Size of Protected
Areas

- Size of Secure
Protected Areas

- Endangered
Species Living in
Protected Areas

- Biodiversity
priority areas

- Areas farmed
organically
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2.7.2. New Zealand

New Zealand Department of Conservation develops a comprehensive and integrated
biodiversity inventory and monitoring programme focusing to understand better the
biodiversity, ecological integrity and ecological processes. The systematic approach
includes three layers of information namely as tiers (https://www.doc.govt.nz/our-

work/monitoring-and-reporting-system/).

Tier 1: Broad-scale monitoring for national context: It is started in late 2011, involves
the regular assessment of a selection of native species and pests at locations 8 km apart
and spaced evenly across the landscape — except where the site falls in a river or lake.
To provide consistency this monitoring is carried out with the stakeholders and
community support. The terrestrial monitoring programme has been established at
approximately 1400 plot locations that are evenly spaced. Approximately 280 plots
are measured each year, with every plot being measured on a 5-year rotation cycle.
This spatially extensive monitoring programme has been designed to provide
unbiased, repeatable, national-scale estimates of priority biodiversity indicators and

measures.

Tier 2: Nationally-consistent monitoring of managed places and species on land,
freshwater and in the ocean to report on management effectiveness: It involves
consistent, rigorous monitoring of the outputs (management results) and outcomes
(management achievements) of specific activities on land, in freshwater, or in the
marine environment. A nationally consistent approach is needed so the data can be
combined and compared across projects and used to build an understanding of New

Zealand’s ecological integrity.

Tier 3: Intensive, targeted monitoring for research and evaluation: It combines
intensive research and monitoring at a few key sites distributed throughout New
Zealand and maintenance of some important historic datasets. This context is needed

to help predict and interpret national and local-scale trends.
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2.7.3. Norway

Certain et al. (2011) has developed the Nature Index and applied in Norway. The
framework uses the existing information by incorporating expert judgement and
monitoring- based and model-based estimates for any ecosystem type. The gap areas
for further research become apparent for any ecosystem or any target with this
comprehensive approach. In the framework, a biodiversity indicator is defined as: A
natural variable which refers to any aspect of biodiversity is intended to react to
environmental changes and is representative of a defined area. It is a quantity for
which a value can be estimated in a reference state. The set of indicators should cover
all aspects of biodiversity as homogeneously as possible and any inclusion of a new

indicator should result in the addition of information.

And they also defined the reference state as; the environmentally sustainable status for
certain indicator “i.e. the numerical value of the indicator in the reference state, is a
value that minimises the probability of extinction of that indicator (or the species or
community with which it is associated), maximises at least one measurable aspect of
the biodiversity of the natural system with which it is associated, and does not threaten
any measurable aspect of biodiversity in that or any other natural system”. In practice,
the reference state can be defined by scaling observed or estimated values for each
indicator. In addition to actual measurement model predictions and expert judgements
are valuable information sources. Totally 308 indicators were selected and 238 of them
were specific to a major ecosystem (Table 2.28). The indicators were selected by
experts primarily by specialist and generalist species and further extending the classes
into primary producers, decomposer of organic matter, primary consumer and filter
feeder, intermediate predator, top predators. Understanding how reference states were
set across major ecosystems enhances our understanding of how inferences can be
drawn from the indicator set they also develop ecosystem indicators (grey rows in
Table 2.28). The reference data were collected for four years (1950, 1990, 2000, and

2010) using 430 Norwegian municipalities as spatial units.
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Table 2.28. Number of indicators per major ecosystem (white cells show the indicators used in
thematic groups, grey cells show the indicator for an operational definition for the reference state)
(Certain et al., 2011)

o3 =
2 £
) o §e) 8
Indicators cElc3luwEl2a|lc5lgs 2 3| s
SZ 8SIs2| 88 183 |55(8|5|3
Oa|0&d|l0oa|lo0od|0&|==2|L|L|=
Spe: specific to only 10 16 27 9 30 29 36 |59 |22
one major ecosystem
Key: related to a 5 7 6 5 7 6 14 |11 |7
keystone species
Red: related to VU,
EN, CR Red list|6 |7 |5 |4 12110 |14 |126
species
Comm: related to an 3 2 8 2 2 1 ) 5 |2

ecological community
Serv: related to the
provision of | 26 32 35 27 30 22 21 |23 |16
ecosystem services
Ext: considered as
extra-representative |4 5 8 3 4 4 4 5 |3
by the experts

Tot: total number of

31 40 48 35 57 40 42 |72 130

indicators

CC: carrying capacity |4 2 4 1 1 0 1 8 |5
Sust:_ maximum 0 0 0 0 1 1 5 > 1o
sustainable value

Past: knowledge of 12 17 12 4 8 4 4 18 |5

past conditions

Prec:  recautionary
level

Prist: pristine or near-

6 15 5 23 17 0 0 1 1|0

el 3 3 22 6 24 32 27 1[40 |20
pristine nature

Best: best theoretical | , 0 0 0 0 0 8 |0 |0
values of indexes

Trad: traditional 6 3 5 1 6 3 0 3 |0
management

Apart from the trend in biodiversity change, one important finding of the study is

highlighting the gap in certain ecosystems and regions. In Figure 2.38 the distribution
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of data sources to accomplish this framework is presented. Expert-based judgements
increase the uncertainty of the study thereby one future direction has been identified

as to reduce the proportion of expert-based judgments.
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Figure 2.38.The share of data source for the mean number of documented indicators per municipality
for date, and major ecosystem (Certain et al., 2011)
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CHAPTER 3

AN EVALUATION OF CURRENT KNOWLEDGE IN EBVS PERSPECTIVE
FOR TURKEY

This chapter identifies the concurrent situation of biodiversity monitoring in Turkey
and highlights the gaps in taxonomic, spatial, temporal and, technical perspectives in
accordance with EBVs. In the previous section, two findings become prominent and
affecting biodiversity monitoring; (1) Expertise appeared to be the major limitation
after budget constraints, (2) Up to now current efforts concentrated on species level
and specific species groups. This chapter focuses on answering the following
questions in the light of the methodological findings collated by questionnaires and

literature surveys;

1. Budget cannot be changed but expertise can be enhanced. What is the
distribution of the technical expertise distributed taxonomically among EBVs?
Is “species-level condensation” a choice or a limitation related to the expertise?
Which species, ecosystems are well-known and vice versa little-known?

Which EBVs can be sustained with the current knowledge?

o M DN

Which internal attributes of existing monitoring efforts make them weak or
strong?

6. What are the opportunities and challenges for future monitoring programs?

Previous efforts examine this knowledge level by comparing the biological data itself.
For example, Fernandez et al. (2015) conducted a similar study in Bolivia and
analyzed the taxonomic, temporal and, spatial coverage of biodiversity data with
648.534 observations from 27.534 species, had recorded between 1789-2015. Another
study revealed the existing observation’s gaps in taxonomy, spatial and temporal
ranges in Europe extent (Wetzel et al., 2018) by evaluating thirteen integrators (i.e.
GBIF, Atlas Florae Europaeae, Fauna Europaeae, LTER etc.) of biodiversity

occurrence data in Europe. Lengyel et al. (2018) evaluated European monitoring
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performance based on a survey aimed at collecting metadata information. They have
sent more than 1600 survey forms and conducted the analysis with 646 species and 35

habitat monitoring schemes.

However, data is so scattered and data access is highly problematic in Turkey. Some
of the obstacles behind not obtaining biodiversity data are listed below. The reasons

are not limited to these items.

1. Scarcity of biodiversity data;

a. Biodiversity data is scarce and limited across space and taxonomic
groups

b. Existing data is scattered through several organizations. The lack of
centralized, coordinated biodiversity monitoring.

2. Restrictions in data access

a. National governmental organizations’ unwillingness to share data

b. Personal unwillingness to share data in academia

c. Absence of standardized data storage and data share tools

3. Lack of metadata;

a. Metadata is a piece of useful tag information that is mostly used to
explore and harmonize data. Up to now metadata generation is not
required or forced due to the lack of shared culture between institutions
and people

b. The unorganized data storage scheme

c. Data is mostly stored by personal use

Because of these reasons, throughout this study, | cannot reach the exact biodiversity
data. Thus, | compiled the metadata information via literature surveys and
questionnaires and generate a portfolio for further investigation. | focused on the
terrestrial realm. Even though the Noah’s Ark Biological Diversity Database includes
thousands of species occurrence records, the government data share policy prevents

to use the data for scientific purposes (Personal Communication). The information |
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got from the grey literature (Noah’s Ark and progress reports, and province reports)
are contradicting and the generic information presented by governmental reports and

websites are not enough to fill even basic metadata information.
3.1. Generation of Biodiversity Monitoring Portfolio

Active and potential monitoring programs were searched by questionnaires and the
grey literature search. The questionnaire form includes questions related to the
technical details of the monitoring program and also information about data gathering,
storage and management phases of the monitoring. The questionnaire form is

presented in Appendix A.

3.1.1. Active Monitoring Programs (AMP)

These programs are executed in the field by governmental agencies or nature
conservation NGOs for long time. The programs have been screening according to the

following two criteria;

1. Monitoring has been continued at least 5 years
2. Monitoring has been repeated at least 3 times within the last 20 years

3. Sampling technique is constant in monitoring actions

The exceptional cases in this review that did not fulfil the criteria are; (1) wildlife
abundance counts that are collected by the aim of defining poaching quota of game
species, since the sampling is irregular and unreliable and subjective (2) inventory
efforts that have been demanded by the government under the context of
Environmental Impact Assessment Studies and Reports, since the monitoring
activities are executed only during the preparation of the project. In total 16
monitoring programs have been assessed. The selected active monitoring programs

are presented in Table 3.1.
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Table 3.1. The list of Active Monitoring Programs

Name of the program Target Species /
Species Group

Monitoring of Forest Ecosystems (ICP Level | & Forest

Level 11)

Mid-winter Waterfowl Survey Birds

Common Birds Census Birds

Turkey Bird Atlas Birds

Monitoring breeding of Bald ibis Geronticus eremita
Birds

Monitoring of the ferruginous duck Aythya nyroca
Birds

Monitoring of the flamingos Phoenicopterus roseus
Birds

Monitoring Manyas Bird Paradise Birds

Monitoring Biodiversity in Kars and Igdir Birds and Large
Mammals

Monitoring Ankara’s threatened plants Plants

Monitoring of the sociable lapwing Vanellus gregarius
Birds

Monitoring of the white storks Ciconia ciconia
Birds

Monitoring of the otter Lutra lutra
Small mammal

Monitoring sea turtles in Cukurova Delta Caretta caretta &
Chelonia mydas
Herpetofauna

Monitoring of the loggerhead sea turtle Caretta caretta
Herpetofauna

Monitoring the habitats and population of the Monachus monachus

Mediterranean Monk Seal Large mammal

Seven of the monitoring programs are a part of greater international monitoring
efforts: Mid-winter Waterfowl Survey, Common Birds Census, Turkey Bird Atlas,
Monitoring of the flamingos, Monitoring of the sociable lapwing, Monitoring the
habitats and population of the Mediterranean Monk Seal, Monitoring of Forest
Ecosystems (ICP Level I & Level I1). Almost all programs are executed by the
coordination of governmental organizations together with NGOs and funded by

governmental organizations and international organizations. Thirteen of them are
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reported to governmental organizations and nine of them are reported to international
organizations. The distribution of species groups are presented in Figure 3.1. The birds

are dominating the current monitoring effort which are executed mostly on wetlands.
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Figure 3.1. Distribution of monitoring efforts among species groups and ecosystems

All of the items focus on the species distribution and population abundance except
“Monitoring of Forest Ecosystems” all of them focusing population abundance.
Considering the spatial coverage, six of them are executed countrywide and seven of
them particularly performed in one study area. However the countrywide studies less
represent the Eastern and Southeastern Anatolian region. Figure 3.2 shows the spatial
coverage monitoring programs. The map organized in accordance with species groups.
And color tones represent the frequency of efforts. Studies performed in multiple areas
cannot digitized accordingly because of the irregular information. Thus the
geographical regions were shown. For example Mid-winter Waterfowl Survey is
executed on wetlands but the surveyed lakes and wetlands may change according to
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the level of participation, weather conditions etc. each year. Five of them are not
paying attention to covering protected areas but the following items are particularly
performed within the protected areas, the other items can include some protected areas

unconsciously;

e Monitoring breeding of Bald ibis (Birecik Bald ibis wildlife breeding station,
Sanliurfa Birecik Firat Wildlife Conservation Area)

e Monitoring of the flamingos (Tuz Lake Special Environmental Protection
Area and Gediz Delta Ramsar Site)

e Monitoring Manyas Bird Paradise (Manyas Bird Paradise National Park). This
monitoring effort is the only sample which is directly linked with the protected
area itself.

e Monitoring Biodiversity in Kars and Igdir (Kuyucuk Lake Ramsar Site and
Wildlife Conservation Area, Kars Sarikamis National Park)

e Monitoring Ankara’s threatened plants (Golbast Special Environmental
Protection Area)

e Monitoring of the Otter (Gokova Special Environmental Protection Area)

e Monitoring sea turtles in Cukurova Delta (Akyatan Lagoon Wildlife Reserve
& Ramsar Site, Yumurtalik Lagoons National Park & Ramsar Site)

e Monitoring of the ferruginous duck (Kizilirmak Delta Ramsar Site and

Wildlife Conservation Area)
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Figure 3.2. Spatial coverage of monitoring efforts in species groups

Especially the efforts executed by citizen science cover larger areas (i.e. Mid-winter
Waterfowl Survey, Common Birds Census, and Turkey Bird Atlas). Apart from these
also “Monitoring of the white storks, Kars-Igdir Biodiversity Monitoring” projects
executed by integrating citizen science. Although the spatial coverage varies largely
only five of them use citizen science in data collection and half of them executed by
the same small number of experts (up to 10 people). Despite this lower participation
and contribution the spatial coverage of study areas are relatively higher; one third of
them is larger than 1000 km? and 62% is larger than 100 km?.

Except four efforts (Common Birds Census, Monitoring breeding of Bald ibis,
Monitoring of the otter, Monitoring of the ferruginous duck), the rest of the programs
are ongoing. Despite these efforts are planned to be executed annually, half of them

has interruptions in their history.
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Considering the database management and reporting; five of them are stored in Noah’s
Ark National Biodiversity Database, nine of the monitoring data is stored in other
databases (e-bird). Seven of the activities have strict data limitations. None of them
shares data or metadata online. But reports or summary maps/ information are
available for the following monitoring efforts; Turkey Bird Atlas
(http://kustr.org/kusatlasi/), Mid-winter Waterfowl Survey
(https://www.tarimorman.gov.tr/DKMP/Sayfalar/Detay.aspx?Ogeld=71&Liste=Duy

uru).

3.1.2. Potential Monitoring Programs (PMP)

As described in “2.3.3. National Policies and Organizations” section General
Directorate of Nature Conservation and National Parks has set two goals in 2013 to
be completed until 2023;

(1) to prepare 10 Species Action Plans (SAP) each year (in total 100 plan)

(2) to complete the biodiversity inventory throughout country (UBENIS project-
National Biodiversity Inventory and Monitoring project)

This accelerated movement of species inventory and conservation have shifted the
monitoring issue. Even though any assessment has been reported regarding
monitoring, these governmental strategies are substantial for guiding monitoring and
are probable for near future. In the grey literature accessed form web sites of
responsible organizations were collated and | reached the species action plans. Since
the SAPs have projected monitoring actions, I consider them as potential monitoring

programs.

39 SAP reports which were available online. However the official website of
GDNCNP does not include them anymore. Maybe due to the change in 2018; The
Ministry of Forestry and Water Affairs transformed to The Ministry of Agriculture
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and Forestry. The metadata of suggested monitoring activities in these grey literature

were compiled in accordance with the desired metadata.

3 of them focusing endangered fish species. Those SAPs are eliminated from the
portfolio. The list of evaluated SAPs (36 in total) are presented in Table 3.2. They
were completed between 2013- 2016. After these year the SAP reports were not shared

public.
Table 3.2. The list of Species Action Plans (SAPs)
Name Species Group | |Name Specles
Group

Grus grus archibaldii | Bird Crocus speciosus subsp. |-,
xantholaimos

Otis tarda Bird Erodium hendrikii Plant

Tetrao mlokosiewiczi Bird Ferula mervynii Plant

Acant_hod_actylus Herpetofauna Fritillaria baskilensis Plant

schreiberi

Darevskia sapphirina Herpetofauna Iberis halophila Plant

Rafetus euphraticus Herpetofauna Lilium candidum Plant

Vipera anatolica Herpetofauna Polygonum samsunicum | Plant

Vipera kaznakovi Herpetofauna Psegdodelphlmum Plant
turcicum

Formica pratensis Invertebrate Rhogjc_nthgmnus Plant
sessilifolius

Dama dama Large Mammal | [Salvia siirtica Plant

Felis chaus Large Mammal | | Scilla mesopotomica Plant

Hyaena hyaena Large Mammal | | Thermopsis turcica Plant

Monachus monachus Large Mammal | | Tulipa orphanidea Plant

Monachus monachus Large Mammal | | Verbascum eskisehirensis | Plant

Ajuga xylorrhiza Plant Verbascur_n Plant
yurtkuranianum

Alyssum nezaketiae Plant Meriones dahli Small

mammal
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Table 3.2. The list of Species Action Plans (SAPs) (continued)

Astragalus beypazaricus | Plant Myomimus roachi Small
mammal

Iris peshmenian,

Hyp_erlcum malatyanum, Plant Myotis brandii Small

Ornithogalum mammal

malatyanum

Mostly these SAPs have been developed for threatened species. Critically endangered

plants among species and grassland among ecosystems are dominated the SAPs

(Figure 3.3). High endemism rates in plants unsurprisingly lead to a strong emphasis

on them.
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Figure 3.3. Distribution of SAPs among IUCN Red list Categories and Habitats

All of them propose monitoring activities commonly in species distribution (100%)

and abundance (82%). And %10 of them suggest genetic studies as a monitoring tool.

Some of them mention also community level interactions and ecosystem change as a
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monitoring activity however they do not specify the details of these activities. Due to
these reason only the genetic and population level monitoring activities are

considered.

The population size is presented as the number of individuals observed during site
studies, only e few studies estimated population size. Only one SAP included a

population viability analysis (Polygonum samsunicum).

The SAPs were prepared by tenders. So even though a target species distributes over
wider regions, the SAPs were prepared within a province (Figure 3.4). About half of
the target species range are wider then their SAP’s coverage. For example
Mediterranean Monk Seal SAPs were prepared two times for Mugla and Mersin
provinces instead of covering the whole Mediterranean region. Only two of them
(Grus grus archibaldii and Otis tarda) were prepared at national level (These 2 SAPs
are not shown in the map). While the reviewed SAPs have patchy geographical
coverages and distributed throughout the country. Most SAPs propose new sites for
protection of the target species. Existing protected area or connection with them were

not mentioned.
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Figure 3.4. Map of SAPs locations
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3.1.3. Academic Studies (AS)

The academic studies (thesis and peer review articles) were quarried from SCOPUS
and YOK National Thesis Databases between 1985 and 2018. A descriptive query
were applied with the following words in title, abstract or keyword; (“ecolog*” OR
“biolog*” AND “monitor*”. This study particularly focuses the EBV requirements
thus, exact EBVs exact names were added to query sentence (Step 1- Identification).
“Breed and variety diversity” variable in the EBV table (presented in introduction
section Table 1.1) are excluded from the search strings because there are a lot of
agricultural studies related with this item and might be irrelevant for the scope of this
dissertation. In Step 2 eligibility of the studies were searched and studies in aquatic
(freshwater and marine) ecosystems; studies focusing pest, pathogens, virus, bacteria
and microbes; environmental quality indicators; pollution, water or air quality, and
also studies not performed in Turkey were executed. For the rest of the studies a further
screening criteria was applied. The research must have a descriptive reputable
methodology (Figure 3.5) and the study should represent a gene/species/ecosystem
diversity related with EBVs in a particular area within Turkey, for a particular time
(for example many species distribution studies are related with new specimen records,
type localities, first records, or the methodology applied does not have scientific
reputation, or the study is experimental and/or performed in laboratory, or review
studies). Later a screening was applied to eliminate the repetitive studies from the
dataset (Step 3-Screening). For example same studies had produced one thesis and one
article or same study had produced two articles. There may be particularly valuable
efforts and practices which are not included in this research since we used the EBVs
exactly as key components. These studies most likely do not use EBVs as keywords
thus I cannot reach them however these results enough to capture the snapshot of

current situation.

Since academic efforts are not actual monitoring studies, the attributes of this source

type will be discussed in the following section by comparing active and potential
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monitoring programs. Totally, 315 studies were distinguished matching with EBVs.
These items’ data are not accessible, I interpret the necessary information through

publications to fill the metadata.
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Figure 3.5. PRISMA flow diagram steps for the selection process of literature
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3.2. Compiling the metadata

Each study or effort in the final portfolio has evaluated as an item and its metadata is

filled according to the columns and descriptive variables presented in Table 3.3.

Table 3.3. Metadata structure

Column name

Description

Year/
Time period

Date of the publication or time period of the monitoring
effort

Species Group

Bird
Herpetofauna
Invertebrate
Small mammal
Large mammal
Plant

Species

Scientific name of target species

IUCN threat category
(IUCN, 2018)

Data deficient (DD)

Least Concern (LC)

Near Threatened (NT)
Vulnerable (VU)
Endangered (EN)
Critically Endangered (CR)

Target habitat

Agriculture
Coastal
Forest
Grassland
Multiple
Urban
Wetland

EBV class

Genetic composition
Species populations
Species traits
Community composition
Ecosystem function
Ecosystem structure

EBV

All Essential Biodiversity Variables except “Breed and
variety diversity”

Protected Area

Name of the protected area if the study/effort conducted
within it.
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3.3. Results

3.3.1. General Attributes

The portfolio consist of academic studies (315 unique academic studies (ACA)),
ongoing efforts (16 active programs (AMP)) and potential monitoring practices (36
Species Action Plans (SAP)). This monitoring portfolio composed of 367 rows that

are equivalent to a unique study/effort (“item”).

Among these 367 items, 29 items (4 SAPs and 25 ACAs) have been focusing more
than one EBV class. The partitioned portfolio includes 396 rows. The distribution

among EBV classes are presented in Table 3.4.

Table 3.4. Distribution of monitoring portfolio among different EBV classes ACA: Academic study,
AMP: Active Monitoring Program, SAP: Species Action Plan)

EBV class ACA | AMP | SAP | Total %
Genetic composition 91 0 4 95 24
Species populations 69 15 36 120 30
Species traits 72 0 0 72 18
Community composition | 43 0 0 43 11
Ecosystem function 16 0 0 16 4
Ecosystem structure 49 1 0 50 13
Total 340 |16 40 | 396

The most studied EBV class is species populations (30%) followed by genetic

composition (24%). The least studied EBV class is ecosystem function.
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All of the active monitoring programs focus one EBV class: species populations (one
exception exist on forest ecosystem monitoring; it is focusing the ecosystem structure
EBV class). Similar to monitoring programs, all of the Species Action Plans suggest
monitoring actions on species population class. Only four items in the SAPs list are
proposing genetic level researches in addition to species level.

On the other hand among academic studies; 25 items conducting their researches in
two level EBV classes. This can be listed in descending order; species populations-
species traits (10 items), species populations-genetic composition (4 items),
community composition-species population (3 items), ecosystem structure-
community composition (2 items), ecosystem structure- species populations and
species traits- genetic composition (1 item). The accompanying EBV classes are
changing in academia and in SAPs. The SAPs tendency is to conduct species
population-genetic composition level, on the other hand academic researches focusing

species populations-species traits.

The distribution of the biodiversity portfolio among EBVs are presented in Table 3.5.
For three categories of sources the species level especially in “species distribution”
and “population abundance” variables are more abundant than other EBVs. Population
genetic differentiation follows them. The least studied EBVs are; co-ancestry, nutrient

retention, net primary productivity and ecosystem composition by functional type.
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Table 3.5. Distribution of monitoring portfolio among EBVs (* excluded from the search strings)

EBV class EBV ACA |AMP |SAP Count
Co-ancestry 1 1
Genetic Allelic diversity 44
composition | Population genetic 59 4
differentiation
Species distribution 37 16 36
Species Population abundance 31 15 30
populations | Population structure by 11 14
age/size class 25
Phenology 18 18
Body mass 6 6
Species Natal dispersal distance 0
traits Migratory behavior 9 9
Demographic traits 33 -
Physiological traits 6
Community |Taxonomic diversity 42 ;
composition | Species interactions 6 6
Net primary productivity 5
Ecosystem |Secondary productivity 0
function Nutrient retention 2 2
Disturbance regime 10 10
Habitat structure 27 1 -
Ecosystem Ecosystem faxtent and 19
structure fragmentation 19
Ecosystem composition by 3
functional type 3
TOTAL 485

Color defines the count ranges (yellow to brownish)

0 or NA

<5 <10 <25
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3.3.2. Taxonomic Attributes

The distribution of the combined portfolio according to the species groups are
presented in Table 3.6. One academic research is focusing five species groups (plants,
birds, butterflies, mammals and herptiles), one academic research focusing both large
and small mammals and one monitoring program is focusing both bird and mammals,
The rest of the items are focusing either one species group or ecosystem. So the total
number of items per target group matching rows increases to 375 from 367 items. The
most studied species groups are plants and birds. Ecosystem target studies are

following them.

The results indicate that both in academic research and monitoring practices birds are
the dominant species group. This is due to readiness of qualified experts professionally
and voluntarily. Totally 38 bird species have been focus in these research. And these
36 birds are distributed to 3% of critically endangered, 11% of endangered, 6%

vulnerable, 8% near threatened and 72% least concern birds.

Table 3.6. Distribution of monitoring portfolio among different resources (ACA: Academic study,

AMP: Active Monitoring Program, SAP: Species Action Plan)

Species Group & %
Ecosystem ACA AMP SAP Total

Bird 59 10 3 72 19
Herpetofauna 41 2 5 48 13
Invertebrate 40 0 1 41 11
Large Mammal 20 2 5 27 7
Small Mammal 36 1 3 40 11
Plant 68 1 19 88 23
Ecosystem 58 1 0 59 16
Total 322 17 36 375
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Figure 3.6 shows the distribution of species groups or ecosystem among EBVs. The

predominant matches of EBV/species groups are;

e Genetic composition; Plants (31) and small mammals (31)
e Species populations; Birds (53) and herpetofauna (39)
e Species traits; Birds (26) and herpetofauna (14)

e Community composition; Invertebrates (22) and plants (15)
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Figure 3.6. EBVs versus target groups

Lambeck (1997) and Noss (1990) suggest to use keystone, umbrella, flagship, limited
dispersal capacity, resource limited or process limited species as indicator species in
monitoring. It is hard to categorize the species list in accordance with this definitions
however IUCN red list categories were used (Figure 3.7). The NA labelled species are
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mostly grouped under taxonomic studies or genetic studies focusing particular taxa,
and/or common species which do not have red list assessments. 18% of the plants are
critically endangered. The least concern species are the predominantly selected

species among herpetofauna (48 %), birds (50%) and small mammals (50%).

Plant 0 | IUCN Red List
Invertebrate I C.at;gorles
Herpetofauna _ W EN
Bird - VU
Small Mammal . Tg
Large Mammal - DD
0 10 20 30 40 50 60 70 80 90 NA

Figure 3.7. Distribution of Species among IUCN Red List Categories

According to the results, the featured species are Monachus monachus, Caretta
caretta and Phoenicopterus roseus. Those flagship/ charismatic species were tracked
in academy too. The other highlighted species are Sitta kruperi , Grus grus archibaldii,
Aegypius monachus and Tetrao mlokosiewiczi, that have regional distribution
importance. Except for these charismatic species there is not any significant tendency

in species selection. Some of the frequently selected species are;

e Birds; Ciconia ciconia (5), Sitta krueperi (5), Phoenicopterus roseus (4),
Aegypius monachus (3), Grus grus archibaldii (3), Tetrao mlokosiewiczi (3)

e Herpetofauna: Caretta caretta (8), Rafetus euphraticus (4), Rana holtzi (4),
Acanthodactylus schreiberi (3), Chelonia mydas (3), Emys orbicularis (3),
Vipera anatolica (3), Vipera kaznakovi (3)

e Large mammals: Monachus monachus (10), Dama dama (4), Felis chaus (4),
Hyaena hyaena (4)

e Small mammals: Spermophilus xanthoprymnus (4), Glis glis (3), Lepus
europaeus (3)

¢ Plants: Pinus brutia (7), Astragalus beypazaricus (3), Polygonum samsunicum
(3), Scilla mesopotomica (3), Thermopsis turcica (3), Tulipa orphanidea (3),
Verbascum yurtkuranianum (3)
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3.3.3. Temporal Attributes

One important finding is both academic research and monitoring practices started to
increase after 2000 in all aspects of EBVSs. Genetic researches and ecosystem level
researches have been intensified after 2005. The plants and the large mammals were
the first studied groups in genetic researches. Species populations and species traits
showed similar tendency, both of them had accelerated after 2000. Community
composition researches have been intensified in plants and invertebrates after 2005. It

is evident from Figure 3.8 that SPAs enrich to the portfolio except invertebrates.
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Figure 3.8. Time series analysis of the monitoring portfolio according to the source, EBV class and

target group.
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3.3.4. Spatial Attributes

The distribution of spatial coverages among different resources are presented in
Figure 3.9. 56.91% of studies/researches were performed in local scale, and

consecutively 27.63% in regional scale and 15.46% in countrywide.

160

140

AMP SAP

W local ERegiona M Countrywide

Figure 3.9. Distribution of monitoring portfolio among different resources

Allelic diversity, population genetic differentiation, co-ancestry and net primary
productivity researches have been conducted on regional or countrywide scales. The

distribution of EBV classes among spatial domains are presented in Figure 3.10.
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Figure 3.10. Distribution of geographical scales among EBV classes

According to the target groups or ecosystems, the geographical scale of small
mammals’ research and efforts are dispersing evenly among local, regional and
countrywide scales. And except invertebrates all of the groups are mostly performed

at local scale. Invertebrates are more abundant in regional scale (Figure 3.11).
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Figure 3.11. Distribution of geographical scale among species groups and ecosystems

The items were also matched with the corresponding ecosystem. Figure 3.12 shows
the distribution of ecosystems where the items were conducted. The agricultural and
urban ecosystems are the least studied ecosystems whereas forests and grasslands are

the most studied ones. For all of the studies local scale is the most studied scale.
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Figure 3.12. Distribution of geographical scale among ecosystems

Understanding the spatial characteristic of the portfolio, | generated two cumulative
graphs for species and ecosystems (Figure 3.13 and Figure 3.14). Grassland ecosystem
at species population class (covering mostly plants), followed by wetlands (covering

birds and herpetofauna), forest ecosystems are represented fairly in all EBV classes.
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Figure 3.14. Distribution of target species and ecosystem among ecosystem types

Only, our results indicates that 16% of academic research and 17% of concurrent
practices have been executed within protected areas. Within these items 38 % is within
National Parks, 21% is within specially Environment Protected Areas, and 20 % is in
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Wildlife Reserves and 19% is within Ramsar Sites. Only one study was performed

within Nature Conservation Areas (Isparta Kasnak Mesesi TKA).

3.4. Evaluation of Knowledge

This is the first metaanalysis for Turkey which provides an evaluation of biodiversity
data monitoring considering all aspects of data users and contributors. Although the
data universe have certainly more efforts and studies that 1 cannot include into
portfolio, it is the most comprehensive and up to date metadata generated under data
restrictions. In 2.4.2.3. Citizen Science and Community Platforms section | have
presented the concurrent situation of GBIF, e-Bird, Map of Life and iNaturalist and
Turkey’s contribution. Using these web platforms in the analysis would cause a high
bias towards birds. And also randomly collected samples would not reflect the

situation of monitoring exactly.

The existence of Noah’s Ark National Biological Diversity Database is very
promising however up to now any university or NGO could benefit from the database
(section 2.3.3.1. page 90). Thus, the database existence is highly speculative and has
no benefit for data users at the moment.

During data collection of this dissertation | observed that the biodiversity data of
Turkey cannot be described mostly as monitoring data according to its global
definition. So far | evaluated the research which have potential to be a base for
monitoring, especially in academic research. On the other side active monitoring
efforts which | believed are the closest practices of being well structured and
systematic, do not fulfill the criterions of long term ecological monitoring temporal
sensitivity (Lindenmayer et al, 2012).

With the contribution of species action plans and provincial biodiversity inventories
which had started in 2013, the responsible authority MAF has completed the

“surveillance monitoring” phase and having baseline data accomplished. Now Turkey
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should move to smarter, “targeted monitoring” phase. Here, I present the weak and
strong attributes of the monitoring portfolio and discuss the challenges and
opportunities embedded herein. 1 also suggest ways to improve the conditions to guide

the next-generation monitoring.
3.4.1. Strengths and Caveats
3.4.1.1. EBVs Perspective

It is globally criticized by several authors that the monitoring concentrated on the
species population’s level (species distribution and abundance) (Noss, 1990). Even
though it’s simplicity in monitoring, the higher tendency towards species, cause gaps
and misunderstandings in other aspects of biodiversity globally (genetic and
ecosystems). EBVs’ one of the main motivation is to present a condensed list which
covers all aspects of biodiversity (Pereira et al., 2013). Using EBVs as data tags in
metaanalysis highlights the density which can be transformed into particular aspects
of biodiversity.

First of all the most important finding is there is a huge distinction between in practice
and academia considering EBVs. All of the AMPs rely on species distribution level.
Only ICP Forest Monitoring reflects ecosystem level. However the plot base survey
can also be assessed as a species level study. On the other hand academic studies
diversify the portfolio which is a promising picture and proves that in case other EBVs

would be used in a monitoring scheme in the future, expertise is readily available.

Similar to global findings (Pereira et al., 2017) species level studies (Species
populations and species traits) occupy the monitoring portfolio (comprises 48% of the
portfolio). Species level followed by genetic composition which occupies 24% of the
portfolio. Tydecks et al. (2018) detected exact ordering in global studies in descending
order species (68%), genetic (47%), ecosystems (15%).

A possible explanation for this surprising tendency into genetic composition in the

academia might be, the persistent interest into “speciation”, and eager to find, name
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new species. Isaac et al. (2004) called this phenomenon as “taxonomic inflation”. They
identified between two species concepts; 1) biological sense geographically isolated
reproductive species, 2) phylogenetic sense, species differ each other by at least one
taxonomic character maybe resulted from hybridization. This recent paradigm shift in
species concept, doubled the number of “newly” named species. Phylogenetically
identified species are 48% more than traditional one. Isaac et al. (2004) concluded that
charismatic data biased toward certain groups (i.e. vertebrates) has been redescribed
more than once. 408 new mammalian species have been named since 1993 (Ceballos
and Ehrlich, 2009).

Species are fundamental units in conservation and natural resource management. And
these action needs full-standard list of species to assess the situation (such as species
richness). Isaac et al. (2004) argued that from conservation perspective subspecies
level taxonomic effort has minor contributions and misguide the action. Garnett and
Christidis (2017), advocated “to restrict the freedom of taxonomic action” since “the
scientific community’s failure to govern taxonomy threatens the effectiveness of
global efforts to halt biodiversity loss, damages the credibility of science, and is
expensive to society”. On contrary, Ceballos and Ehrlich (2009) disagreed about the
opposition and suggested paying attention to conserving each subunit in an ideal
world. Thomson et al. (2018) pointed out that conservation should focus on ecosystem
integrity rather than fixed entities of species. They suggested to define vulnerable
biological units by using taxon names.

Only, 1.5 million of species (out of 5+3 estimated million) have discovered yet
(Costello et al. 2013). Identifying all of the species (covering bacteria, invertebrates
etc.) before they go extinct in Turkey is highly unlikely. Also the active monitoring
programs reveals that species assessments such as IJUCN Red List have the most
influential power in practice and policy. Science community should consider other

aspects of biodiversity.
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Another interesting finding is the fewer numbers of items carried out in ecosystem
structure class, compared to global monitoring schemes. In general terms open
archives of satellite imagery maintain input into ecosystem structure and function
variables globally (Skidmore and Pettorelli, 2015; Pettorelli et al., 2018). In particular
we lack data about ecosystem functions, thus, we have little knowledge about the
disproportionate effects on how biodiversity loss impacts ecosystem functions
(Geijzendorffer and Roche, 2013). However this is vital information because humans
receive ecosystem services as a mechanistic form of ecosystem functions (Duncan et
al., 2015). Thus this topic is very popular both in policy and society (Vihervaara et al.,
2020). The monitoring programs should include more actions related with ecosystem
structure and ecosystem function especially at national level. These activities can be
planned by utilizing remote sensing. Skidmore et al. (2015) introduced “Remote
Sensing - Essential Biodiversity Variables (RS-EBVs)”, which can be derived by
satellite products. O’Connor et al. (2015) highlighted the contribution of earth
observation-based measurements as 11 out of 20 Aichi Biodiversity Targets can be
tracked by them and also these measurements can fully or partly contribute to 14 of
the 22 EBVs. There is a distinction between the fully and partly measurable EBVs.
Fully measurable EBVs (i.e. ecosystem extent and fragmentation) can be maintained
by earth observations while partly measured (i.e. habitat structure) EBVs require
additional ancillary data from earth observations to interpret. The ancillary data can

be derived from in-situ measurements, or simulated and modelled variables.

The other least studied EBV title is community composition. However this can help
us how species reacts especially in the face of climate (Sutherland et al., 2015). Also
for example in BIP indicators suggest some proxies for Community Composition,
Ecosystem Structure and Function, by usage of remote sensing (Geijzendorffer et al.
2016b).

Even so, EBVs presents a structured ground for the future of biodiversity monitoring,
its applicability is highly debatable. Peterson and Soberdn (2018) highlight the global

gaps in their “Essential biodiversity variables are not global” article. They did not
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evaluate ecosystem structure and functions EBV classes since they can be measured
by remote sensing feasibly in case the necessary infrastructure set, the required
information is available at global extent. However, the other EBV classes (genetic
composition, species populations, species traits, community composition)
demonstrate clear and consistent gaps at continental scale.

3.4.1.2. Taxonomic Perspective

The monitoring portfolio polarized towards particular species groups. In overall the
plants and birds have the highest efforts (23% and 19 % respectively). However the

choice of species group varies between practice and academia.

In global perspective, existing monitoring schemes focus on popular and apparent
species groups; birds and butterflies (Proenga et al. 2017). Pawar (2003) named this
situation as ‘taxonomic chauvinism’. This argument is also valid for birds and plants
in Turkey. Although 11% of the academic studies were focused on invertebrates, in
practice invertebrates have not been monitored until now. Invertebrates is harder than
other species, phylogenetic variation is wider and most of the species require

laboratory studies in addition to standardized field surveys (Gardner et al. 2008).

Stronger bias towards bird might result from the following situations, each item will

be discusses under “opportunities and challenges” title, later;

- Readily abundant expertise of birdwatchers (either professional or volunteer)
and citizen science

- Existence of global or regional monitoring schemes (i.e. Common Bird
Census, Mid-winter Waterfowl Survey, Breeding Bird Atlas) impose well
established standards

- Birds have impacted the nature conservation history, many NGOs have roots
in birding and international cooperation and funds exist (such as BirdLife,
RSBP, Tour de Valat), NGOs enthusiasm to follow the monitoring actions is
stronger than government and academia

- E-bird data storage provides easy data storage and access
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The other successful active monitoring effort, may be name as the most charismatic
species of conservation action: sea turtles (Caretta caretta and Chelonia mydas).
Pioneer efforts (1989) owned by the Society for Nature Conservation (DHKD) and
then followed by WWF-Turkey. Also these species are defined in the ANNEX list of
Bern and Barcelona Conventions. Specially Environment Protected Areas where the
sea turtles breed, governed by a different department, have stronger dedication to these

conservation values, unlike other protected areas managed by GDNCNP.

Mediterranean Monk Seal (Monachus monachus) is in the same situation with sea
turtles. Both are threatened species and use coastal areas for breeding and have
particular national and international focus. Monitoring is carried out by primarily by
Underwater Research Society until 1987. However, the monitoring continuity is not
like sea turtles, due to the financial limitations and difficulties in monitoring monk

seals due to their rarity and habitat specialization.

Despite the SAPs contribute to diversify the taxonomic research, the government’s
choice to prepare action plans dominantly for plants. Certainly, the SAPs aiming to
improve the conditions of threatened species, and higher plant endemism and

vulnerability have biased the SAPs towards plants.

In academic perspective the allocation of taxonomic groups is fairer. Plants and birds
are again the most studied species groups whereas the studies reflect other species
groups as well. Yet, the large mammals are the least studied groups. Global
assessments revealed that taxonomic bias towards birds, large mammals and higher
plants because of the detection probability and their popularity (Scholes et al., 2012).
This rather contradictory result in mammals may be due to research interest of
academia. In general genetic composition studies were concentrated on plants, species
populations and traits concentrated on birds and herpetofauna, and community
composition in invertebrates and plants. This finding is relevant with the link between

three issues, the species group, EBV, and its data design and effort requirements. Such
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that for example it is easier to collect plant specimen in a constant location compared

to search for wider extent large mammals.

The taxonomic groups and EBVs represents some level of disconnection. A notable
example is waterfowls. Although the monitoring efforts were concentrated on the
wetland birds, there is not a strong reflection into academia. This group is the most
monitored group in species population level but the other contributing variables such
as genetic composition of waterfowls or ecosystem structure of wetlands variables are
missing links. This disconnection exists for other taxa, too. A prevailing EBV is not
supported with other aspects of biodiversity to clarify the states, pressures, responses
and benefits (Butchart et al., 2010).

According to the distribution of IUCN Red List categories non-threatened species are
more abundant than threatened species except plants. In one fourth of plant studies
focus on critically endangered. Usage of common species will provide an early
warning of ecosystem change, since they provide inference of a greater proportion of
a study area (Beever, 2006)

3.4.1.3. Temporal Perspective

Historically, the pioneer efforts had started with surveillance of charismatic species
Monachus monachus, Caretta caretta, Chelonia mydas and Phoenicopterus roseus.
Also the surveillance of bird populations by birdwatchers provide historical baseline.
Apart from these data obtained by active monitoring programs, it is hard to say we

have a baseline information for others.

After 1990s, it is visible the strong acceleration of biodiversity studies in all aspects.
Detrimental impact of humans on nature was recognized by multilateral agreements
(CBD, Ramsar, Bern etc.) from 1980s. The common interest in biodiversity has

triggered the studies in species level.
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Time-series analysis of metaanalysis shows the strong influence of technological
improvements in scientific research. Such that both ecosystem structure and genetic
composition studies have triggered after 2000s, when the remote sensing galleries
become open and free (the milestone was Landsat archive in 2008 (Zhu et al. 2019))

and when the DNA sequencing techniques become more cost-effective and applicable.

Institutional perspective, in 2003 a separate department has been established regarding
particularly Biodiversity Monitoring under GDNCNP. However the influence of this
branch become visible after a decade (2013) with the beginning of SAPs.

3.4.1.4. Spatial Perspective

The wider surface area of Turkey is challenging the monitoring practice. Due to the
environmental heterogeneity monitoring should be comprehensive and representative
considering the ecoregions and ecosystems. However only bird monitoring in practice
is covering national extent. The Eastern Anatolian Region and Southeastern Anatolian
Region are suffering from the lower citizen science contribution. These regions have
been managed under temporary state of emergency conditions until 1987 because of
terrorist attacks. To execute scientific research requires special permissions. On the

other hand it is promising to see the SAPs distribution into that regions.

Regardless of source type (AC, AMP, SAP) local scale is the most studied scale
because of its feasibility. The tendency is increasing spatial coverage of monitoring.
However temporal and spatial frequency namely precision is a descriptive property
which increase accuracy. Especially in ongoing efforts the precision is highly depend
on the human resources at the time of monitoring activity. In general, none of the items
in the portfolio describe a threshold for biodiversity change. Thus, the sampling effort
seems arbitrary. Another difficulty is to harmonize and aggregate, these non-standard

localized items in the portfolio.

In spatial perspective, there are five caveats impacting the success of the monitoring;
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1. Setting up monitoring activities in countrywide scale cause temporal
interruptions and collapse (Common Bird Monitoring)

2. Compression of academic studies into local and regional scales due to the
lower support

3. The defined study area of SAP is covering the administrative border instead of
species distribution range.

4. 69% of monitoring is performed within protected areas globally of ecological
field studies have been performed within protected areas, Martin et al. (2012)
criticized this proportion as being overrepresented in protected areas. However
this metaanalysis shows conversely the misrepresentation of protected areas in
Turkey. Protected areas are monitored only for management efficiency,
variables such as number of visitors, stuff, recreational facilities etc. are
monitored regularly. However the refuges of the biodiversity, or outcomes of
conservation actions are not monitored purposely (‘targeted monitoring”).

5. Monitoring is ignored in urban and agricultural ecosystems where the humans

most suffer from absence of ecosystems services.

In ‘2.7. Some Examples of Large Scale Monitoring Programs’ section, | presented
successful examples with different approaches. For example a small country like
Switzerland use constant plots for monitoring. On the other hand New Zealand
develops a tier approach considering spatial coverage, the contributor profiles and
temporal sensitivity. And Norway adopted a prioritization considering the importance

of indicators and representing ecosystems.

However in Turkey monitoring seems to be random. “Where to monitor” is a
fundamental question before starting resource demanding monitoring actions. Up to
now all of the agents conducts monitoring in the areas either because they can or they
must (somehow to complement bigger efforts). In this next generation monitoring we

must ask the question ‘where should we monitor?’
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We need to prioritize the monitoring action with smart decision tools. Moran-Ordofiez
et al. (2017) suggested a spatial prioritization design by using Marxan to best monitor
birds (Ball et al., 2009). They developed four scenarios 1) ignoring all previous efforts
and developing something new in blank space, 2) considering only protected areas, 3)
extending protected areas, 4) considering protected areas and distribution of citizen

science potential.

Machine learning increase our ability to model species distributions (Ferrier et al.
2017). And with multi criteria decision tools and artificial intelligence we can develop

the optimal choice of monitoring considering spatial constraints such as;

1. Representing eco-regions evenly (Mediterranean basin, Caucasus and lrano-
Anatolian) and also transition zones

2. Representing ecosystems fairly (forests, grasslands, wetlands, coastal,
mountains) and also ecotones

3. Covering various status of protected areas and assessing management actions

4. Identifying targets of monitoring and setting spatial and temporal scales
identifying constant measures

5. Covering different aspects of biodiversity and relating them with various
levels (ecosystem, species, genes)

6. Representing different species groups fairly

3.4.2. Opportunities and Challenges
3.4.2.1. Policy

Politically international commitments i.e. conventions require reporting and
evaluations periodically (in general voluntarily). Geijzendorffer et al. (2016b)
investigated the reporting requirements by reviewing match between reported
indicators and the EBVs. Here | used this approach for the following international

commitments that Turkey has been ratified. In addition to conventions and protocols
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listed in Table 3.7, Turkey has also ratified European Landscape Convention and The
Cartagena Protocol on Biosafety to the Convention on Biological Diversity. But the
monitoring of these two include political and institutional measures instead of
biological indicators. Thus they are not assessed. In the table the International
commitments are shown in common descriptors; Ramsar - Convention on Wetlands,
CITES - Convention on International Trade in Endangered Species of Wild Fauna and
Flora, Bern - Convention on the Conservation of European Wildlife and Natural
Habitats, UNFCCC - United Nations Framework Convention on Climate Change,
CBD - Convention on Biological Diversity, UNCCD - United Nations Convention to
Combat Desertification, Barcelona - Mediterranean Action Plan- Barcelona
Convention. And EBVs are shown in abbreviations indicating that GC- Genetic
Composition, SP - Species Populations, ST- Species Traits, CC- Community
Composition, ES - Ecosystem Structure and EF - Ecosystem Function. The grey cells
in Table 3.7 denote that the monitoring report include relevant indicators correspond
to that EBV class.

Table 3.7. The EBV requirements of monitoring and evaluation reports in international conventions

and protocols

International | -~ | op o1 |cc |ES |EF |Reference

commitment

Ramsar Geijzendorffer et al., 2016
https://www.cites.org/sites/defaul

CITES t/files/reports/17-18Turkey.pdf
https://rm.coe.int/explanatory-not

Bern es-and-guidelines-for-the-perio d2
013-2018-part-1-the-r/16808d336f

CBD Geijzendorffer et al., 2016

Barcelona h_ttps:://www.rac—spa.orq/pub
lications#en13
https://www.unccd.int/sites/defau

UNCCD It/files/relevant-links/2019-04/LDN
TSP-EvalReport%20final.pdf
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https://rm.coe.int/explanatory-not%20es-and-guidelines-for-the-perio%20d2%20013-2018-part-1-the-r/16808d336f
https://rm.coe.int/explanatory-not%20es-and-guidelines-for-the-perio%20d2%20013-2018-part-1-the-r/16808d336f
https://www.rac-spa.org/pub%20lications#en13
https://www.rac-spa.org/pub%20lications#en13
https://www.unccd.int/sites/default/files/relevant-links/2019-04/LDN%20TSP-EvalReport%20final.pdf
https://www.unccd.int/sites/default/files/relevant-links/2019-04/LDN%20TSP-EvalReport%20final.pdf
https://www.unccd.int/sites/default/files/relevant-links/2019-04/LDN%20TSP-EvalReport%20final.pdf

Table 3.7 The EBV requirements of monitoring and evaluation reports in international conventions

and protocols (continued)

International

) GC |SP|ST |CC |ES |EF |Reference
commitment

https://www4.unfccc.int/sites/Sub
missionsStaging/NationalReports/
UNFCCC Documents/9645137 Turkey-BR4-
1-FOURTH%20BIENNIAL%20REPOR
T%200F%20TURKEY.pdf

Two EBV class become prominent: species populations and ecosystem structure in

the reporting phase of international conventions and protocols.

The XI. Development Plan and NBDSAP (2018) are the two strategy documents
which will guide the current and future monitoring. However as aforementioned
before (section 2.3.3.2. Strategical Documents) NBDSAP feeds the development plan.
For preventing replications | analyze only NBDSAP (2018) in detail and match the

EBVs with actions and evaluation criteria.

In NBDSAP (2018) seven national objectives are set. The second objective is defined
as “Biological diversity component (ecosystems, species and genetic variability) will
be determined, monitored and species specific and ecosystem based conservation
approaches (traditional and modern) will be developed by determining current
condition of biodiversity.” Under this objective five actions have been defined. The
actions and indicators defined in this scope are presented in Table 3.8.
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Table 3.8. Actions related with monitoring defined in NBDSAP (2018)

Action

Activities

Action 2.1: National biological
diversity inventory will be determined
and by doing so, the current condition
of biodiversity will be defined and
species will be registered; DNA
Barcoding method will be started to be
used within this process.

Number of registered species through
National Biodiversity Inventory and
Monitoring Project

State of populations of species under
IUCN threat category (CR, EN, VU)
State of populations of local and local
endemic species

Number of species registered through
DNA barcoding method

Action 2.2: Monitoring studies will be
performed for the registered national
biodiversity data and e-DNA
(environmental DNA) monitoring
technique will start to be used within
the process

Number of species to be monitored
and state thereof under IUCN threat
category

Monitoring of population status of
endemic and local endemic species

Action 2.3: Studies to determine and
monitor endemic and endangered
species; develop and implement
species specific conservation methods
will increasingly be continued

Number of species protected ex situ
and in situ

Species Action Plans

Population status of endemic and
endangered species

Action 2.4: In order to conserve
biological diversity, studies to develop
and implement species specific or
ecosystem-based conservation
approaches by using traditional or
advanced biotechnological methods
will be conducted

Species specific pilot studies
Ecosystem based field studies

Action 2.5: Studies to detect terrestrial
and aquatic microorganisms and to
identify them at molecular level to
determine  their  functions in
ecosystems will be conducted

Number of detected microbial species
Detected functions of species in the
ecosystem

The National Goal 4 defined as “Awareness of the public and administrators on

ecosystem services will be raised, benefits from ecosystem services will be increased

and sustainable biodiversity management will be ensured.” However in this section



Synthetic Biology is defined as a case in actions and highlighted as “with synthetic
biology technique, benefits are ensured effectively from ecosystem services within the
framework of conservation and sustainable use of biodiversity via preventing over use

of natural resources.”

The National Objective 5 defined as “Rehabilitation and restoration of ecosystems
damaged due to different reasons will be ensured, measures to prevent damage to
healthy ecosystems will be developed and legislative gaps thereon will be fulfilled.”
In this section the action 5.3 is defined as “Alarm systems (biosensors and pollution
indicators etc.) will start to be used to warn against the degradation of ecosystem

balance in order to provide monitoring in healthy ecosystems”.

And also the following items are quite debatable. In goal 6 “the promotion of
cooperation between public and private sector to be ensured in the process of
commercializing of the products developed with modern biotechnological methods
and biological resources” and in goal 7 “access to genetic resources and fair and
equitable sharing of the benefits arising from their utilization and the necessary

technical infrastructure will be established.”

For further investigation | matched the specified actions and indicators with EBVs in
Table 3.9. The items that relate to legislation, capacity building and education are not

matched.

170



Table 3.9. The EBV requirements of monitoring and evaluation of criteria in NBDSAP (2018)

Action scope GC |SP |ST |CC |ES |EF
1.2. Invasive alien species

1.3. Synthetic biology

1.4. GMOs

2.1. Monitoring

2.2. e DNA

2.3. Endemic and threaten species

2.4.Traditional conservation techniques
and innovative biotechnology

2.5. Microbiology

3.1. Agricultural, forestry and fishery
4.3. Ecosystem services

5.1. Restoration

The results indicate that there is a mismatch between international and national
agenda. International commitments biased towards ecosystem level monitoring
however national strategy focuses on genetic level. Both of them underlines the

importance of species level monitoring.

The current status of action plan is reflecting that future strategy would rely on
biotechnological improvements and genetic studies. Despite it was mentioned the all
levels of biodiversity particularly genetic level studies were emphasized often by
mentioning DNA barcoding, environmental DNA, Gene Bank, synthetic biology and

biosensors.

It is arguable to protect and monitor nature with these set of criteria. To complete
species inventory by the National Biodiversity Inventory and Monitoring Project took
almost 10 years. This ambiguous goal of setting DNA barcoding might took another
decade. Then more likely eDNA monitoring would begin. Considering the magnitude
of adverse impacts caused by several human activities and also climate change, we

need urgent tools to assess the status and detect trends, if exists.
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The ultimate goal of national monitoring motivation seems to feed policy reporting’s
especially in accordance with multilateral agreements (CBD, Bern, Barcelona etc.).
However, biodiversity monitoring cannot save the world alone without integrating
information into decision- making and adopting crucial conservation actions (Bawa
and Menon, 1997). “What gets measured, gets managed”. Without reflecting
monitoring outcomes into conservation actions and natural resource management,
accounting something in nature is useless. Information gain is not necessarily
conservation gain (McDonald-Madden et al., 2010). The development obsession
highlighted previously by several authors (Sekercioglu et al., 2011; Atmis, 2018)
prevent the policy-management integration. The most dramatic outcome of this study
is the current, conscious policy of not monitoring protected areas. The government
cannot protect the nature from “itself”. The most recent example was the
comprehensive zoning amnesty (2018) applied to unauthorized buildings and illegal
land transformations. By 31 December 2019, 7.393.413 buildings or building parts
applications were acquired and total application cost was 24.744.721 Turkish Liras.
Only 30.458 applications were rejected (AA, 2020). These kind of regulations
promote land cover transformations. Another example is the forest permissions.
According to 6831 Forest Law, infrastructure projects or investments which provide
public welfare can get permission to occupy the forest land. The public welfare is a
broad topic which covers construction of roads, railways, stations, dams, religious and

sports centers etc., but also mining permissions.

Considering the future prospects climate change protected areas are important
laboratories for humanity where we can learn and develop adaptation solutions. An

effective monitoring program should cover the protected areas.

Stephenson et al. (2017) identified four barriers for the flow of biodiversity data into
decision making. These are; (i) availability of data, (ii) willingness to use data, (iii)
accessibility, usability and quality of data, and (iv) capacity for data collection,
management and use. In the policy dimension the strongest obstacle in Turkey

circumstances is “the willingness to use data”.
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The vision and roadmap set in NBDSAP- 2007, is relatively successful to develop and
implement milestones projects particularly at species level. In accordance with
UBENIS observations, the important biodiversity areas are identified for monitoring
purposes. Despite this output is very promising, it does not seem applicable and
reasonable for the following reasons;

e The areas are defined considering the provincial borders and intervening new
monitoring sites and avoiding protected areas.

e Some of the target species more likely have wider distribution ranges. We need
to monitor these species vulnerable and marginal populations. A national scale
prioritization should be done considering the threat, ecosystem, ecoregion,
species vulnerability, rarity etc.

e The monitoring target is missing. Surveillance monitoring is costly.
Considering the low personnel number in local departments of ministry, we
need smart monitoring targets.

e There is a tradeoff between sampling efforts (precision) of monitoring with
accuracy. The current policy is to conduct monitoring by the institutional own
capacity or make monitor by tender process. Even if a long term quantitative,
protocols are defined, both options would decrease the accuracy of the output.
The limited number of personnel in ministry might only conduct up to a level
of monitoring with decreased precision due to limited effort. The temporal
limitation in tender process is maximum three years in special circumstances.
However in general, governmental organization choose to apply yearly tenders
because of annual budget allocations. Thus, tendering these monitoring every
year (most probably by different private companies) would cause professional
team changes every year, which is quite against the nature of long-term

monitoring.

The updated NBDSAP-2018 significantly mentions genetic level studies frequently
(2.3.3.2.1. The National Biological Diversity Strategy and Action Plans section). To

complement monitoring with work at various biodiversity levels is important.
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However, even though genetic studies are relatively cheaper in recent years, they are
still expensive, and to allocate another decade into unsustainable research is not
feasible. On the other hand, ecosystem level monitoring can be done for broader
extents, with open and free remote sensing galleries. Hence several national extent

monitoring schemes focus more onto this option.

SDGs also impose multi sectoral monitoring which covers also biodiversity
(McKenzie et al., 2014), engaging SDG targets into monitoring goals would increase
the efficiency.

Other institutions and governmental organizations should be included in the
monitoring schemes. If the environmental pressure data (explanatory data) is missing
(such as air/soil/water pollution, climate or land-use), we cannot link the biodiversity
loss or change rigorously. Under The Ministry of Agriculture and Forestry umbrella
this coordination can be sustained. Because the ministry includes all of the agricultural
and forestry departments in addition to General Directorate of Nature Conservation
and National Parks (GDNCNP), General Directorate of Combating Desertification
and Erosion, General Directorate of Water Management, State Metrological Service,
State Hydraulic Works. Ecological, socioeconomically and environmental data would
need to be integrated at appropriate scales (Bawa and Menon, 1997). The 99% of
forests and all of the protected areas are managed by government, which is another

advantage to set up long-term monitoring programs.

Combining different schemes returns economies of scale. Combination might include
different sampling techniques or combining different taxonomic groups. Thus, it is
possible to reduce survey costs and to improve cost- efficiency. For example Targetti
et al. (2014) shows that integrating habitat mapping into monitoring scheme reduces
the cost at 50%. In that regard, using constant plots in existing programs (such as ICP
forests) and adding missing variables into these schemes would decrease the

monitoring cost for Turkey.
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Monitoring needs strong collaboration between the agents. At the moment data
restrictions applied by governmental agencies build a strong barrier to establish
cooperation. Data governance is a mandatory attribute for success in biodiversity
monitoring and covers (i) engagement of stakeholders, (ii) building a strategy for data
acquisition, data share and management, (iii) system design and infrastructure, and
(iv) implementation. Certainly there may be several reasons for not sharing data in
Noah’s Biological Diversity Database, in political, sociological or psychological
contexts. However it is hard to achieve successful monitoring programs without
solving these obstacles and generate mechanisms to support cooperation between
biodiversity monitoring agents. The likely reasons of this strict policy listed below —
although not complete - are mentioned by questionnaire respondents through informal

conversations:

e Data is an asset and a power tool in governance, and they may not want to
share this asset with other organisations and people. This ambition of power
might stem from personal attitudes or be due to organizational strategy.

e System design and database structure do not allow sharing, making it
necessary to first overcome this technical obstacle. One reason might be the
underestimating the required time effort and technical expertise in database
management during design.

e Low data reliability might be an issue and they want to resolve this issue before
sharing data with others.

e Higher priority towards economic development in the national policy might
make decision makers hesitant to make biodiversity values public, since this
may potentially hinder such “development”

e The tender process privatizes and values biodiversity data in monetary terms

and this tendency prevents public share

Data storage and share tools are fundamental components of any successful

monitoring. The lack of a central node which facilitates data sharing is tragic,

175



considering the existence of the Noah’s Ark National Biological Diversity Database.
Removing barriers in accessing information would enhance trust and improve the
transparency of a governmental organization. Currently, only four of the active
monitoring programs share their data with Noah’s Ark. In addition, changing data
policy will lower expenses (time & money) in data collection and data storage, not

only for the government but also for all other agents.
3.4.2.2. Science

A long-term monitoring study in academia was nonexistent. Short-term funding,
shorter study positions for researchers, and a keen interest into new and innovative
projects are possibly the main reasons for the lack of long-term studies. Another
reason identified by Nisbet (2007, “Monitoring is science’s Cinderalla: unloved and
poorly paid”) was that monitoring work did not provide glittering prizes and that their
publication requires much more time. Modern research has a plan about milestones

and delivers to certain destinations.

The higher number of genetic studies especially in academic studies in the monitoring
portfolio can be an outcome of this situation since 1) easy to publish, 2) relatively
shorter periods of research time requirements, 3) it requires generally more time to
understand the dynamics in other aspect of biodiversity such as communities and
ecosystems, 4) studies require longer time spans are not easily funded. The pressure
of publishing can be modified to active participation into practice. Supporting scientist
to develop long-term monitoring actions in biological researches would increase the

quality of the publications.

Another prospect is making scientific data more discoverable and digestible. The
general tendency in academia is to keep the data and publish only results. However
considering the urgency of biodiversity loss, our understanding in changes at various
levels of biodiversity should develop as fast as possible. Data publications should be
counted on for academic promotions. Developing the conditions of intellectual copy

rights, data citations and open science would likely enhance the conditions for data
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sharing. Another tool may be developing a reward system which encourages people
to contribute ongoing monitoring efforts rather than setting up new ones
(Lindenmayer and Likens, 2010).

Data management and storage phases require more attention. Especially in monitoring
efforts only a few utilized statistical analysis to improve overall data reliability. The
greater scientific community should lead the monitoring community in data

validation, bias correction and other statistical tools.
3.4.2.3. Culture

On one hand biodiversity data is not accessible, while on the other it is not
discoverable. But this is not a unique problem, many authors highlighted this situation
earlier (Wetzel et al., 2018, Reichman et al., 2011). This is a result of dispersed
knowledge and a problem of harmonization among several governmental
organizations, NGOs, and academia. Unfortunately each agent occupies their niche,
with little sharing of data. We can only fill the gaps by improving collaboration
between biodiversity agents (Turner et al., 2015). Both academia and NGOs present

great opportunities to support governmental organizations.

Fieldwork is the most expensive activity in monitoring (Targetti et al., 2014).
Available scientists, government personnel and NGO workers cannot easily tackle
biodiversity issues, considering the size of Turkey and its rich biodiversity. Engaging
non-professionals into data acquisition would dramatically increase its extent and
efficiency (Sutherland et al., 2015). Many community data portals would increase the
potential of citizen science. Schmeller et al. (2009) calculated that without volunteer
contribution the cost of annual monitoring in Europe would increase three fold. And
this would impact mostly Western Europe (Germany and France) where the salary of
professionals are higher than in Eastern Europe.

More than 150 birdwatchers has participated in the Breeding Bird Atlas Project
between 2014-2017 and proves the capability of citizen science. The ancestor site
Kusbank holds 80.000 bird records collected by 450 birdwatchers between 2000 and

177



2017 (https://ebird.org/turkey/news/turkish-breeding-bird-atlas-published). On the

other hand citizen science history has also some failures. For instance, Common Bird
Monitoring is an interesting case. In global perspective it is one of the most successful
examples of citizen science projects (Stephens et al., 2016). However in Turkey, the
number of volunteers providing data for the project has trickled down to one or two in

its third year and the project practically came to an end.

Enthusiasm is an intrinsic motivation behind citizen science. To sustain the motivation
of people and quantity of data produced depend on keeping enthusiasm, whereas
commanding strict rules would destroy this feeling (Foster, 2015). Understanding the
interests, motivations, skills and needs of different contributors would increase the
efficiency of citizen science (Pocock et al., 2015, Sutherland et al., 2015). One
disadvantage is the uneven distribution of citizen scientists, which leads to their survey
locations being highly biased (such as nearer to hometown). Therefore, there is a
compromise between citizen science effort and systematic sampling (Pocock et al.,
2015).

The active monitoring programs highlighted that NGOs benefit more from
voluntarism (i.e. Mid-winter Waterfowl Survey) than citizen science. The reasons

might be:

e The limited human resources of NGOs cannot manage citizen science.
o Citizen science requires quite an effort in training, data storage, management
and validation. On the other hand NGOs choose volunteers among highly

skilled birdwatchers

The active monitoring programs are mostly executed by NGOs, whose enthusiasm in
sustaining monitoring is often higher than the academia and the government.

Looking at the historical development of civil societies, their role is much more a
tracker role for governmental implications, create awareness, and provide necessary
technical skills. Dixon et al. (2019) highlighted that monitoring and evaluation are

accomplished better by NGOs compared to by governmental organisations. According
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to the authors the reasons may be: (1) NGOs employ scientists and highly skilled
employees, (2) NGOs report and evaluate the monitoring outcomes to the funders and
stakeholders, (3) governmental organizations execute monitoring for legislative

requirements, and even though commitments are not met they claim the credit.

In the nature conservation dimension, national NGOs in Turkey often import
international agenda and trend topics, they collaborate with international partners and
bring international funds. The movement has been supported (but not only) by
BirdLife, RSBP, Tour de Valat, WWF, etc. In parallel to these developments, in 1996
the UN Habitat 11 istanbul Conference was held in Istanbul. The Turkish Government,
like other parties, committed to enlarge the legitimacy of non-governmental
organizations and civil movements, and also to associate with civil organizations
while performing civil services (Tekeli, 2012). The NGOs visibility and participation
has accelerated with political stability. Until 2010 NGOs and governmental agencies
had performed very successful projects (examples are presented in Kesmez et al.,
2016)). In 2010, the general director of Nature Association which was one of the most
influential NGOs that time, called the former Minister of Environment and Water
Affairs as “serial Killer of nature”. After this event, the ministry refused to cooperate
not only with Nature Association but also with any other NGOs. They choose to
collaborate with private sector through tender processes. Although the work
completion certificates for specific tasks are demanded in tender application, at the
end of the day the lowest bidder secures the tender. Many companies competed to
decrease the bid cost of SAPs and UBENIS province tenders. Because of this reason
the quality of these projects are highly suspicious since the sampling effort would be
the first compensation measure in order to decrease the cost. The change of attitude
towards NGOs is also visible in NBDSAPs. In the last NBDSAP (2018) only
governmental projects took place, and the accomplishments of NGOs are ignored in

reporting.

179



3.4.2.4. Financial

The early stages of monitoring is more expensive because of technical trainings,
awareness creation and the capital cost of required equipment (Stephenson et al.,
2017). On the other hand receiving reliable data requires also time. To keep

consistency and stability is quite dependent on the financial constraints.

Peterson and Soberon (2018), reported the variability in the generation of biodiversity
information. The unit cost of acquiring biological data can change from 1$ to 1000$
per record. To conduct a cost-benefit analysis, we need to derive the total cost of
different type of monitoring efforts including the fixed costs (equipment, labor etc.)
also variable costs (travel cost etc.). Targetti et al (2014) compared the cost of
monitoring in different sites in Europe. The total cost changed at a ratio of one to
twelve in accordance with sampling environment and geographical variances.

Considering the vast size of Turkey, certainly we may face similar differences.

The donors’ interests change by global policy, regional priorities etc. To update
monitoring outcomes with the trend topics may influence the sustainability of a
donor’s interest. For example, ecosystem services topic has diverse sectoral interest,
if any monitoring program can provide information about the correlation between per
unit conservation effort with the per unit ecosystem services, then the monitoring

question transforms into a societal issue.

Danielsen et al. (2003) highlighted that many monitoring programs suffer from being
unrealistically large, complicated and impossible to sustain with the locally available
funds and human resources. The programs can immediately collapse when the donor
funding stops. A solid and long-term financial income seals the future of monitoring
(Schmeller et al., 2015)

This metaanalysis shows a similar outcome for the active monitoring programs.
Despite they are planned to be executed annually, half of them has interruptions in
their history. For example Mediterranean Monk Seal Monitoring do not have a

constant fund. Therefore, such monitoring was absorbed into other project activities
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such as coastal zone management plans. Thus the monitoring is carried out whenever
it can be. The GDNCNP supported two SAPs in Mersin and Mugla for the protection
of monk seal whereas the breeding caves distributed among Mediterranean coast. As
aforementioned the SAPs were prepared by private firms and the historical knowledge
and experience of local NGOs were ignored in the process.

3.4.2.5. Technology
Technology will ease the solutions in three aspects (Kissling et al., 2018b);

1. Enhanced data acquisition would fill data gaps taxonomically, spatially and
various aspects (not only species level),

2. Big data issues: standardizing existing data and metadata increase availability
and accessibility,

3. Sustainable electronic infrastructures support discovery, access, analysis,

storage and dissemination,

Advances in data acquisition such as remote sensing capabilities, radio tracking
animals, camera trap networks, soundscaping, molecular based method streamline
data collection, automate data collection, decrease the cost of long-term monitoring
(Schmeller et al., 2015). Accumulation of geotagged species records enhance also the
capabilities of modelling. Sensor networks both audio and imagery offer detection of
species in a systematic way and enable data acquisition in large areas, e-DNA is a
rapid and comprehensive method for identification of hundreds or thousands of
organisms. The airborne and spaceborne spatial imagery is frequently used in diverse
habitats and biomes. The temporally and spatially consistent and contiguous data
offered by remote sensing is very beneficial compared to in-situ measurements
(Kissling et al., 2018b). Especially for Turkey we need to prioritize the utilization of

remote sensing and set up a consistent national scale ecosystem monitoring program.
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A key challenge for the future is the development of tools for aggregating local studies
to generate broader-scale patterns. Data share increases the collective benefit.
Biodiversity data is diverse, dispersed and disparate. Standardization of data formats,
increase interoperability of various sources and different temporal and spatial scales.
Adopting global standard such as Darwin Core (TDWG, 2009) standards and
ontologies make data harmonization easier. In addition to Darwin Core, Kissling et
al. (2018b) listed the possible standards which supports EBVs as; Humboldt Core,
Biocollections Ontology (BCO), Ecological Metadata Language (EML), Extensible
Observation Ontology (OBOE) and Observations and Measurements (O&M), ISO
19115, ISO 19157 and PROV.

Datasets such as GBIF, MoL standardized the biodiversity data. Also community
platforms such as iNaturalist increase the public awareness.

Biodiversity data should be more discoverable, accessible and digestible (Wetzel et
al., 2018). The contribution can be increased by designing a system which makes data-
holders visible and data transparent. Kissling et al. (2018b) suggested CCo (No Rights
Reserved) and CC BY (Attribution) licenses form Creative Commons (CC) licenses

and designations (https://creativecommons.org/).

The data restriction policy of Noah’s Biological Diversity Database is a barrier. The
governmental policy should embrace the other agents (academia, NGOs) and increase
cooperation between stakeholders. All agents should develop tools and approaches

about data harmonization and build a consensus on transparency between data holders.
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CHAPTER 4

A FEASIBILITY ANALYSIS ON EBVS PERSPECTIVE FOR TURKEY

A primary challenge in biodiversity conservation is to establish a standardized and
uniform system of monitoring globally. Providing a “minimum set of core tasks”
agreed globally on robust objectives and approaches would increase the performance
of monitoring, especially in developing countries where biodiversity is essential and
the resources are limited (Teder et al., 2007). EBVs could form the basis of efficient
and well-coordinated monitoring programs worldwide and this would help optimize

the monitoring (Proenga et al., 2017).

Optimization means that monitoring reaches the objectives of the program in a
scientifically and statistically sound and permanent way (De Blunst et al., 2013). The
durability, thus cost-effectiveness, is a major challenge in this equation. The EBONE
project, in which the European level cost efficiency was investigated, defines
efficiency as “the balance between the resources used and the output realized (‘doing
things right’, ‘the route to the goal’)” while effectiveness is defined as “the capability
of producing the desired results, the degree in which a target is achieved (‘doing the
right things’, ‘scoring a goal’) (Figure 4.1)”. The optimum is the best, most desirable

outcome, especially under some restrictions.

183



efficliency Doing things
"ight

resources process ——— output

effectiveness

@Ozhg the
target  righr things

Figure 4.1. The relation between efficiency and effectiveness (De Blunst et al., 2013)

Before discussing effectiveness of any monitoring effort, it is necessary to define the
feasibility as a measure of the possibility of which way to do it, or whether to do it at
all or some. The EBV approach provides a condensed list presenting various aspects
of biodiversity, and considering each item in that list is certainly both beneficial and
practical. However, the state of our institutions and our level of knowledge in
monitoring and evaluation are far from perfect, as presented in Chapter 4. Currently
species level which uses presence data is the most favored aspect of biodiversity
monitoring. Here, | present a feasibility analysis of biodiversity monitoring in Turkey

by screening out the infeasible items in EBV list according to a set of criteria.

Feasibility is commonly used in project assessments. The goal is simply to evaluate
the attained output considering the existing constraints. It covers five topics: technical,
economic, legal, operational and scheduling (TELOS) feasibility studies (Bause et al.,
2014).

Here, feasibility is regarded as technical, political and economic feasibility. This
chapter’s goal is not presenting the optimum solution. The optimum solution is
achievable only when a solid and well-structured problem is defined. In ‘section 2.6.
What Makes Biodiversity Monitoring Efficient’, I have presented some examples that

aim to answer such questions. Here | rather define some accepted criteria at the
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national level, without focusing on a particular ecosystem. A generic monitoring
approach which promises “one size fits all” cannot be achievable (Lindenmayer and
Likens, 2010). However considering Turkey’s institutional and scientific capacity
(findings of Chapter 3), and accepting the practical use and universality of EBVs,
some EBVs could be prioritized over others.

4.1. Feasibility Question

Monitoring has three major phases, and in an ideal adaptive monitoring scheme, these
steps show iterative relation. Each step has its own constraints in labor, technological
advances and design considerations (space, time and taxonomy), and relevance
defines the support of monitoring activity to the target audience and provide benefits
to users. Here, | developed a scoring methodology to assess the feasibility of EBVs
with current knowledge. In case the conditions might improve in the future (sampling
technique, decrease in cost, availability of technical expertise etc.), then the scores
would change. To generate a simple algorithm, | normalized each criterion and
assigned a weighting score. To prevent subjectivity, | only scored criteria that | can
assign numerical values derived in this study or from the literature. By conceptualizing
the future, in formulazing the question the utilization of remote sensing is accepted as
a criterion since its benefits to several EBVs and cost-effectiveness is proven by
several authors (O’Connor et al., 2015; Skidmore et al., 2015; Lausch et al., 2016;
Vihervaara et al., 2017).

4.2. Usefulness

All of the EBVs are already screened according to their scientific soundness. Thus, I
used Turak et al. (2017) scores for the usefulness of EBVs for societal benefits in
terrestrial realms. Turak et al. (2017) suggest EBVs for national scale and explore the
suitability of EBVs in Australia by a workshop (experts, decision maker and

practitioners). The values presented in Table 4.1.
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Table 4.1. Usefulness of EBVs (Turak et al. 2017)

EBV Class EBV Score
Genetic Co-ancestry 5
Composition Allelic diversity 0

Population genetic differentiation 3
Species populations  Species distribution 100
Population abundance 100
Population structure by age/size 28
class
Species traits Phenology 41
Body mass 0
Natal dispersal distance 0
Migratory behaviour 8
Demographic traits 31
Physiological traits 100
Community Taxonomic diversity 100
composition Species interactions 100
Ecosystem Function = Net primary productivity 59
Secondary productivity 0
Nutrient retention 67
Disturbance regime 100
Ecosystem Structure Habitat structure 92
Ecosystem extent and fragmentation 100
Ecosystem composition by 100

functional type

4.3. Constraints

This assessment relies on the system requirements and limitations of monitoring
program and evaluated by considering the outcomes derived from Chapter 3, or
literature. These criteria define the ease of monitoring, some of them decrease the cost

and some of them increases efficiency, thus impact the selection of EBV.
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4.3.1. Human Resources

Human resources are the most descriptive attribute of monitoring programs. The
abundance and distribution of experts limit the scope and extent of monitoring. One
way to overcome this limitation is to benefit from citizen science. For scoring
technical expertise, the Chapter 3 outcomes were used as proxies and for citizen

science | derived the values from Chandler et al (2017).

In Turkey citizen science input is only valid for bird species distribution. Chandler et
al (2017) assessed the utility of citizen science and community based monitoring
projects on a global scale in accordance with EBVS. By using supplementary material
of Chandler et al. (2017). 1 filtered the terrestrial realm studies and count the EBVs.
For each criteria normalized values are used and converted into a 0-3 scale. The scale

defines 3: abundant, 2: moderate; 1: scarce. (Table 4.2)

Table 4.2. Scoring human resources

EBV Class EBV Technical Suitability
expertise for citizen
availability = science

748Genetic Composition =~ Co-ancestry 0 0
Allelic diversity 1

Population genetic differentiation = 2

Species populations Species distribution 3
Population abundance 3

1

Population structure by age/size
class
Species traits Phenology

Body mass
Natal dispersal distance
Migratory behaviour
Demographic traits
Physiological traits
Community composition = Taxonomic diversity
Species interactions
Ecosystem Function Net primary productivity
Secondary productivity

R W w o o
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Table 4.2. Scoring human resources (continued)

EBYV Class EBV Technical Suitability
expertise for citizen
availability = science

Nutrient retention 0 0
Disturbance regime 1 2
Ecosystem Structure Habitat structure 1 2
Ecosystem extent and 1 1

fragmentation
Ecosystem composition by
functional type

o
o

4.3.2. Technology and Equipment

The requirements of specific instruments and equipments increase the fixed cost of
monitoring. The column values represent; 3: No equipment, 2: Standart equipment,

1: Level-up field equipments, 0: Advanced laboratory equipments.

As automation increases efficiency, many EBVs could benefit from it. Specifically,
camera trap networks, audio sensors or automatic identification algorithms would
significantly reduce human time and effort. In this regard remote sensing contribution
to monitoring is assessed as an option of technological improvements. | used the
scores provided by O’Connor et al (2015). The scores show: 0: No adequacy, 1: Low
adequacy, 2: Medium adequacy, 3: High adequacy (Table 4.3).

Table 4.3. Scoring technology and equipment

EBV Class EBV Equipment Remote
sensing
Genetic Co-ancestry 0 0
Composition Allelic diversity 0 0
Population genetic differentiation 0 0
Species Species distribution 2 2
populations Population abundance 2 2
Population structure by age/size 2 0
class
Species traits Phenology 1 2
Body mass 1 0
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Table 4.3. Scoring technology and equipment (continued)

Natal dispersal distance
Migratory behaviour
Demographic traits
Physiological traits
Community Taxonomic diversity
composition Species interactions
Ecosystem Net primary productivity
Function Secondary productivity
Nutrient retention
Disturbance regime
Ecosystem Habitat structure
Structure Ecosystem extent and
fragmentation
Ecosystem composition by
functional type
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4.3.3. Design Limitations

Time bound and space bound characteristics of EBVs can guide the monitoring
scheme. Also the existence of baseline information would be an advantage. For time
limitations | used the temporal sensitivity values used in EBV assessments (GEO
BON, 2013). | assume that a plausible policy time frame is 10 years, and longer
periods would not meet the policy needs and management targets. The scores shows
1: Annual, 2: 1-10 years, 3: more than 10 years. Space limitations are defined by the
sensitivity of EBV in spatial scale. | used the values assigned in the portfolio (local,
regional and countrywide). A scalable EBV should be more beneficial not only to
estimate local changes but also to combine national and regional assessments. For
example, a score of 3 shows that this EBV is applicable at three different scales, 2 for
two scales, and 1 represents just one scale. | used the portfolio values to assign the
exact situation in Turkey.

Another frequently mentioned criterion is the existence of baseline data. For this I
only used the active monitoring portfolio results and applied 5 year and 20 year filters.

The scores show "0: No historical data exist, 1: Historical data available for the last 5
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years, 2: Historical data available for the last 20 years, 3: Historical data available for

previously than 20 years™ (Table 4.4).

Table 4.4. Scoring design limitations

EBV Class EBV Time Space Baseline
bound bound

Genetic Co-ancestry 3 1 0

Composition  Allelic diversity 3 3 0
Population genetic 3 3 1
differentiation

Species Species distribution 1 3 3

populations Population abundance 1 2 3
Population structure by 1 1 0
age/size class

Species traits = Phenology 1 2 0
Body mass 2 2 0
Natal dispersal distance 3 0 0
Migratory behaviour 2 3 0
Demographic traits 2 2 0
Physiological traits 2 2 0

Community  Taxonomic diversity 2 2 0

composition  Species interactions 3 2 0

Ecosystem Net primary productivity 1 3 0

Function Secondary productivity 1 0 0
Nutrient retention 1 2 0
Disturbance regime 1 2 0

Ecosystem Habitat structure 1 3 2

Structure Ecosystem extent and 2 3 0
fragmentation
Ecosystem composition 2 1 0

by functional type

I weighted the scores for human resources with 0.50, for technology and equipment
with 0.25, and for design limitations with 0.25, and standardized the outcome into a
0-100 scale.

The output score table is presented in Table 4.5 and Figure 4.2. In the figure EBVs

abbreviations were labelled. They are shown on table with the color codes.

190



Table 4.5. The cumulative analysis

EBV Class EBV Label |Usefulness |Feasibility
Co-ancestry 5 12.5
Allelic diversity 0 50
Genetic Population genetic
Composition differentiation 3 50
Species distribution 100 100
Population abundance 100 100
Population structure by
Species populations | age/size class 28 37.5
Phenology 41 62.5
Body mass 0 37.5
Natal dispersal distance 0 12,5
Migratory behaviour 8 75
Demographic traits 31 62.5
Species traits Physiological traits 100 12.5
Community Taxonomic diversity 100 375
composition Species interactions 100 50
Net primary
productivity NPP 59 37.5
Secondary productivity |SePr 0 25
Ecosystem Nutrient retention NuRe 67 125
Function Disturbance regime DiRe 100 62.5
Habitat structure 92 75
Ecosystem extent and
fragmentation 100 50
Ecosystem Ecosystem composition
Structure by functional type 100 12,5
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Figure 4.2. EBVs usefulness versus feasibility in Turkey’s case

When divided into four quadrants with low/high values of feasibility or usefulness,
there appears a clear differentiation of various EBVs. Monitoring Species Distribution
and Population Abundance are both highly feasible and useful by a large margin,
followed by Habitat Structure and Disturbance regime (upper right quadrant).
Ecosystem Extent & Fragmentation, Species Interactions, Taxonomic Diversity are
also highly useful but with increasingly lower feasibility (lower right quadrant). Most
Ecosystem Function EBVs also fall here. In contrast, Species Traits EBVs such as
phenology, demography and migratory behavior are moderate to high in feasibility
yet rather low in usefulness (upper left quadrant) although this may be particular to
the Australian workshop participants whose valuation was adopted. Finally, in the
lower right quadrant we see a variety of EBVs with both low feasibility and low
usefulness. Several of those latter EBVs are classified under Genetic Composition, an

192



EBV group with a fast improving technology, and often considered with prejudice by

some practitioners.

As | have stated earlier, this is not a comprehensive and fully objective analysis or
optimization. There are probably too many unknowns and multiple factors at work in

such a complex issue.

The criteria used in this analyses can be extended by adding multiple aspects.
Examples of similar works were presented in “2.6.1. Building Concensus in
Indicators” section. Chapter 3 highlighted that monitoring decisions are taken by
relative choices. Most active monitoring programs are part of a larger international or
regional program, or are initiated by expert judgements. In general monitoring is done
because it can be done (in specific areas, mostly at the species level). However EBVs
show the necessity of multi-dimensional requirements in spatial, temporal and
biodiversity levels. This ideal list cannot be sustained at a glance. Prioritizing the EBV
list by considering the constraints and available resources enable comprehensive and
successful monitoring schemes. Yet the approach | have outlined and provided an
example can be used to help decision makers select which particular EBVs are most

suitable to start monitoring with in a country.

I chose remote sensing as the most feasible technology for current conditions.
However this decision might change in favor of other technological options. For
example the applicability of e-DNA and soundscape ecology might improve in the
future (increase in cost-efficiency or available equipments, donor interest etc.), then
this option and its contribution to EBV measurements should be added to analyses.
Then the results would reflect what is most useful and most feasible considering this
particular technology. Similar analyses can be repeated in other countries considering

their technical expertise and changing relevant criteria.
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CHAPTER 5

A TRIAL ON PERFORMANCE OF REMOTE SENSING FOR
ECOSYSTEM MONITORING: MAPPING THE DISTRIBUTION OF
MEDITERRANEAN MAQUIS

This chapter presents a trial on the capacity of remote sensing in a complex ecosystem.
In this section the usefulness of available open source Sentinel-2 gallery, and machine
learning algorithms were tested and their contribution to mapping the distribution of
vegetation are assessed in Mediterranean sparse forests where maquis formations.
This study was published as the title “Species Level Classification of Mediterranean
Sparse Forests-Maquis Formations Using Sentinel-2 Imagery”®* in Journal of

Geocarto International.

5.1. Introduction

Sustainable Forest Management (SFM), which encompasses a wide spectrum of
concerns, from timber to non-timber forest products, and further towards forest related
ecosystem services and functions (Wang and Wilson, 2007), requires management of
the regenerative capacity of forests for an array of demands of goods (i.e. timber, food)
and services (i.e. water regulation, soil protection) for current and future generations
(MacDicken et al., 2015). To fulfil these requirements, it is important to understand
the diversity of forests for three reasons. First, the compositional and structural
diversity of forests serve multiple ecosystem services (Lindenmayer et al., 2000;

Burrascano et al., 2011). Second, the composition and structure of forests are

34 This chapter was published as Demirbas Caglayan, S., Leloglu, U. M., Ginzler, C., Psomas, A.,
Zeydanh, U. S., Bilgin, C. C., Waser, L. T., 2020. Species Level Classification of Mediterranean Sparse
Forests-Maquis Formations Using Sentinel-2 Imagery. Geocarto International, 1-20. DOI:
10.1080/10106049.2020.1783581. Reprinted with permission of Taylor &Francis
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important indicators to be monitored for guiding the adaptive management imposed
by SFM (Rist and Moen, 2013). In this context, the composition and structure of
maquis (defined here as a dense evergreen sclerophyllous cover of small trees and
shrubs at various heights and densities) correspond to various stages of regressive
succession and degradation (Tomaselli, 1977; Scarascia-Mugnozza et al., 2000).
Third, diversity contributes to the resilience of the system (Ciancio and Nocentini,
2004), and it is important to identify the ecologically vulnerable and resilient sites, a
crucial topic in Mediterranean because of its susceptibility to fire, degradation, and

desertification, as a direct consequence of climate change (Pefiuelas et al., 2010).

Despite management shifts towards a SFM perspective, the planning process and
inventory principles largely continue to be tied to the conventional methods. National
Forest Inventories (NFI) and derived management maps are still dependent upon
timber increment interest (Laamanen and Kangas, 2011) and only partially meet the
requirements of a sustainable management perspective (Siry et al., 2005; Groot et al.,
2015). This is especially evident in Mediterranean sparse forests characterized by tree
canopy closure of less than 10% while maquis generate a dense vegetation layer
underneath. To classify, plan and manage such ecosystems considering only the
sparsely distributed tall trees but ignoring the shrub/small tree layer causes a serious
shortcoming due to several reasons: (1) maquis play an important role in ecosystem
functioning since they prevent soil erosion (Gabarron-Galeote et al., 2013), (2)
enhance soil quality (Garcia-Orenes et al., 2012), (3) control surface runoff
(Casermeiro et al., 2004) (4) create a microclimate for further vegetation generation
(Tomaselli, 1977), (6) enhance overall biodiversity (Goberna et al., 2007) and (7)
provide indispensable economic resources to local livelihoods, i.e. non-timber forest
products such as seeds, fruits, gums, resins, dyes, medicines and aromatic plants
(Ozturk, 1995; Palahi et al., 2008).

Forests in the Mediterranean basin cover approx. 88 million hectares (FAO and Plan
Bleu, 2018) and according to Bontemps et al. (2011) sparse trees (including

shrublands and grasslands) cover across 17.7 % of the Mediterranean basin. Turkey’s
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Mediterranean region covers 5.7 million hectares of forest where 41.85% belong to
“sparse forest” and are managed as if only tall trees (e.g. Pinus brutia) exist (GDF,
2019). However, according to the SFM principles, it is necessary to map the maquis
distribution and incorporate their compositional diversity into management practices.
Since recreating the maps that reflect the complex structure of maquis via surveys is

impossible, remote sensing should be employed for this purpose.

The use of remote sensing techniques to delineate maquis is not a novel attempt for
the Mediterranean region. Earlier efforts comprise: (1) land use change detection
(Sluiter and de Jong, 2007; Tzanopoulos and Vogiatzakis, 2011), (2) vegetation
mapping (de Jong and Burrough, 1995; Grignetti et al., 1997), (3) assessing vegetation
dynamics (Kadmon and Harari-Kremer, 1999) particularly during recovery from fire
(Garcia and Caselles, 1991; Laurin et al., 2018), (4) detection of the flammability for
fire management (Koutsias and Karteris, 2003; Bajocco et al., 2017), (5) biomass
estimation (Calvao and Palmeirim 2004, Meer at al., 2001) and (6) monitoring land
degradation and restoration management (Fava et al., 2016). However, in all previous
studies in our knowledge, maquis were treated as a single group (Telesca and
Lasaponara, 2006; Bajocco et al., 2012) or they were classified into maximal three
categories on the basis of height (Maselli et al., 2000), density/coverage (Laurin et al.,
2018) or physiological classes (maquis/garrigue/phyrgana) (De Jong and Burrough,
1995; Esbah et al., 2010). Only Manevski et al. (2011) applied a species level
classification scheme based on field spectrometry that requires costly fieldwork.

This study introduces a detailed species level classification scheme for the dominant
maquis species (Genista acanthoclada, Erica spp., Phillyrea latifolia, Quercus spp.,
Olea europea and Arbutus andrachne) based on Copernicus Sentinel-2 time series and
a machine learning approach. As a multi-spectral satellite constellation Sentinel-2
provides an opportunity for heterogeneous forests with its 10 m resolution and the
short revisit cycle of five days. Applying a multi-temporal methodology helps to catch
the spectral variances in phenology and thus increase accuracy in vegetation mapping
(Grabska et al., 2019). Due to these reasons Sentinel-2 imagery has been widely used
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in the forestry sector to classify tree species composition (Immitzer et al., 2016,
Persson et al., 2018; Kampouri et al., 2019), quantify forest extent (Suresh and
Hovenbitzer, 2018), estimate above ground biomass (Chang and Shoshany, 2016;
Laurin et al., 2018), and monitoring forest disturbances from fire (Colson et al., 2018)
or logging (Lima et al., 2019).

The main objective of this study is to map the compositional diversity in complex
Mediterranean maquis ecosystems with high accuracies based on Sentinel-2 images,

and ancillary data. The specific aims comprise:

(1) to create a species level classification for maquis in order to increase our
knowledge in compositional data, especially for the relevant formations
“sparse forests” in forest stand maps, although they are maquis from an
ecological perspective,

(2) to present a semi-automated approach based on open software and freely
available global remote sensing data to guarantee that the method can be
applied to similar formations over large areas in the Mediterranean region and
easily be repeated for monitoring purposes,

(3) to assess the explanatory power of remote sensing and ancillary features in the

context of the present mapping task.
The contributions of this paper to the state-of-the-art are as follows:

(1) Itis a pioneering study that shows the feasibility of remote sensing methods to
species level maquis classification using machine learning techniques and
ancillary data in addition to satellite multi-temporal images,

(2) It introduces new features designed to accentuate the subtle spectral
differences among maquis species,

(3) It determines the remote sensing variables along with ancillary variables that

has a significant effect on species distribution in maquis.
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5.2. Materials and Methods

5.2.1. Overview

In this study, a workflow (Figure 5.1) to produce an accurate and detailed composition
map for Mediterranean woodlands, which distinguishes six dominant maquis species
was developed. Since no detailed information about maquis distribution at the species
level exists, a field survey was carried out to collect Ground Truth (GT) data. The
main focus of the field survey was laid on “sparse forests” in NFI where the tree
canopy cover is marked as less than 10%. Then, based on orthoimages, GT polygons
were delineated around the sampling points. Finally, Sentinel-2 imagery Level 1C
products for the time period between 01-01-2016 and 30-05-2019 were acquired via
Google Earth Engine (GEE), which is a cloud computing platform for geospatial
analysis which has been widely used to monitor deforestation, disaster risk, food

security, etc. at the global, regional and local scales (Gorelick et al., 2017).

In addition to remote sensing features such as original spectral bands and spectral
indices, also ancillary data such as soil type, geological information, bio-climatic
surfaces and topographic variables were prepared and in total, a set of 44 features were
used. Multi-collinearity was reduced by applying a feature selection procedure that
identified the 20 most important variables. We applied a Random Forest (RF)
classifier (Liaw and Wiener, 2002) with 10-fold cross-validation using R 3.3.2 (R Core
Team, 2017) and Caret Packages (Kuhn, 2008).
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Figure 5.1. Workflow for the classification (Grey rectangle denotes process and rhomb denotes data)

5.2.2. The Study Area

Kdycegiz Forest Management Unit is located between 36.77 - 37.12° E and 28.41 —
29.07° N in the southwestern part of Turkey (Figure 5.2a) and covers 118,081
hectares. Elevation starts from sea level and reaches up to 2296 m above sea level
(a.s.l.). 44.9 % of the unit is under various protection status (National Park, Specially
Protected Area and Wildlife Reserve) due to the region’s ecological significance for
threatened species. A mosaic of freshwater, coastal, and woodland habitats contributes
to the exceptional biodiversity of the region. The mean annual temperature is 18.3 °C,
while the absolute minimum and maximum temperatures are -7.0 °C and 43.0 °C,
respectively, and the annual mean precipitation is 1032 mm (Turkish State of
Meteorological Service, 2016). Wooded vegetation covers 74.7% of the area and are
composed mainly of Pinus brutia (81.8%) and P. nigra (19.5%) woodlands, of which
approximatively a quarter is managed under the “sparse forest” label (GDF, 2013).
The maquis vegetation starts from the sea level and reaches up to 1000-1200 m. a.s.l.
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(Davis, 1965). A heterogeneous composition of maquis forms a multi-layered
vegetation structure in the region. The study area hosts many maquis species in diverse
physiognomic stages: dense and open shrublands (<2m) of Genista acanthoclada and
Erica spp.; low tree formations (>5m) of Olea europea, Arbutus andrachne, Phillyrea
latifolia and Quercus spp. Apart from these dominant species other characteristic
species include Juniperus, Cotinus, Ceratonia, Cistus, Daphne, Laurus, Myrtus,

Pistascia and Sarcopoterium spp.

0 10 20

- 1Sentinel 2 Tiles [Z:% SEPA
:] Forest Managment Unit N\ NP
I Sparse Forests [ZwR

Figure 5.2. The study area and the sampling points within the “sparse forests” a) The location of the
study area, b) Dark grey polygon: Kéycegiz Forest Management Unit. Red polygons: “sparse forest”
stands identified in stand management maps. Dashed lines: various protection status (SEPA:
Specially Environment Protection Area, NP: National Park, WR: Wildlife Reserve. c) White dots:

sampling points.

201



5.2.3. Material

5.2.3.1. Field Survey and Ground Truth Polygon Drawing

The field survey was carried out to collect the GT reference data in August 2018. Prior
to the survey, the canopy closure information of the study area was derived from forest
management maps produced by the GDF (2013). Sparse forests with less than 10%
canopy closure were marked and the fieldwork was carried out within this boundary
(Figure 5.2b-c). If any maquis species covered more than 60 % of the patch and with
a minimum radius of 10-15 m, then the centre of the vegetation cluster was geolocated
by GPS and the maquis patch’s radius was recorded for further polygon drawing.
Habitat and specimen photos were taken at each location. Considering the time and
labor constraints, we decided to collect a high number of samples that represent all
dominant formations of the study area instead of only using few samples from a
completely random design. Kadmon (2004) states that if a geographically biased (i.e.
roadside) dataset is relatively unbiased as far as it reflects the environmental gradients
of the study area, then accurate results are achievable. When we plot histograms of
elevation as a major environmental gradient for the ground truth points (n = 375) and
sparse forests, we assume except for the highest elevations, our sampling adequately
reflects the present environmental heterogeneity (Figure 5.3).

202



Distribution of Elevation for Sparse Forests

Frequency
10000

0

0 200 400 600 800 1000

Distribution of Elevation for Ground Truth Points

80

Frequency
40

I I —

T T T T T 1
0 200 400 600 800 1000

Elevation (m)

Figure 5.3. Histograms of elevation classes for sparse forests (upper) and 375 ground truth points

(lower).

Following the fieldwork, GT polygons were drawn by visual interpretation by means
of RGB orthophotos of the year 2013 with 90 cm resolution and the photographs taken
during the survey. Species classes with samples less than 10 polygons were eliminated
from the sample set (e.g. Laurus nobilis, Myrtus communis and Cistus sp.). Figure 5.4
shows the eight different maquis species used in the classification scheme. Their
abundance and coverage reflect the dominance of each species within the studied

stands.

Dominant Species
Pinus brutia (I
Arbutus andrachne NN
Olea europaea NN

Phillyrea latifolia
Quercus coccifera
Quercus infectoria
Genista acanthoclada

Erica sp.
500 1500 2500 3500 4500 0 5 10 15 20 25 30
Area (he) # of Polygons
Height class
B Forest tree
M High
Middle

Low

Figure 5.4. Distribution of ground truth polygons among the eight species classes
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5.2.3.2. Remote Sensing Data

Sentinel-2 Level 1C images between 01-01-2016 and 30-05-2019 were acquired from
GEE. The images more than 20% cloud coverage were eliminated from dataset.
Totally 167 distinct days were derived for two Sentinel-2 tiles (T35SPA and T35SPB)
(Figure 2b). A further cloud mask and shadow mask were applied at the pixel level
(Chastain et al., 2019). Sentinel-2 bands B2, B3, B4, B6, B8, B9, Bll, B12
(corresponding to blue, green, red, red edge 2, NIR, water vapour, SWIR1 and SWIR

2 respectively) were used in the analysis.

5.2.3.3. Ancillary Features

Apart from RS features, 25 environmental features in total (Soil-1, Geology-1,
Bioclimates-19, Emberger-1, Topographic-3) were prepared to precisely model the
distribution of maquis. This type of environmental features are frequently used in
species distribution models (Morin et al., 2007). Several studies revealed the
usefulness of combining remote sensing features with the environmental features at
species level vegetation mapping (Zimmermann et al., 2007), especially in larger
scales where the characteristics of the study area cannot be distinguished by moderate
scale RS images alone (Engler et al., 2013). In Mediterranean region, many studies
reveal the limiting factors of plant growth as the precipitation, the soil depth and
formation (Di Castri, 1981; Sluiter and De Jong, 2005).

Table 5.1 lists the potential features used in this study. Soil and geology polygons
were rasterized and other raster layers were resampled to 10 m resolution, which is

the highest spatial resolution of Sentinel-2.
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Table 5.1. List of ancillary features

Category Feature Name Data Source Usefulness in
vegetation mapping
1/25.000 Soil  Soil type Turkey Ministry of Sluiter and De Jong,
Map Agriculture and 2005; Corcoran et al.,
Forestry 2013
1/25.000 Formation General Directorate of = Sluiter and De Jong,
Geology Map  category Mineral Research and 2005
Exploration
Bioclimatic Biol: Biol9 CHELSA bioclimatic ~ Zimmermann et al.,
features surfaces (Karger etal., 2007
2017)
Emberger Calculated Emberger, 1955 Dufour-Dror and
Index from Ertas, 2004
bioclimatic
features
Topographic  Elevation (m)  ASTER GDEM?®® Sluiter and De Jong,
Variables Slope (°) 2005; Gislason et al.,
Northness 2006
5.2.4. Method

The pixel values of each raster layer were computed for each GT polygon. Since the
digestible Sentinel-2 library in Level 2A was limited in GEE, we used Level 1C
images. These images are neither atmospherically nor radiometrically corrected, so a
+3c outlier removal algorithm was applied to remove extreme radiometric effects in

the daily time series image dataset. Then, polygon spatial means of original image

5.2.4.1. Feature Extraction

bands (B2, B3, B4, B6, B8, B9, B11, B12) and representative subset of Spectral

Indices (SI) (Table 5.2) were computed. Spectral indices are frequently used for
vegetation, soil and water body mapping and comprise band ratios, where

confounding issues such as atmospheric effects or soil background reflectance are

35 https://asterweb.jpl.nasa.gov/gdem.asp
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reduced (Meyer et al., 2019).

The phenological traits such as leaf senescence, colouring, flowering, etc. of each
species might enable to filter ideal dates or seasons for remotely sensed data
acquisition (Gértner et al., 2016). This is particularly challenging since the focal
species are evergreen sclerophylls and some of them present similar morphological
features and biomass accumulation (Quercus coccifera, Q. infectoria, and Phillyrea
latifolia). To perceive the reflectance behaviour of the target species and understand
the subtle differences among each other, the time series of indices are plotted on a
monthly basis (Figure 5.5). In this step, after assessing the distributions visually, and
considering their relatively smaller representations in the GT, we grouped the above
three species into a single class named “mix”, hence the final classification is based
on six maquis species classes. Furthermore, seven additional spectral features were
calculated (Table 5.2) to accentuate the phenological differences between certain
species. In total, 21 features were extracted for each GT polygon: annual median
values for eight basic spectral bands, annual mean values for six spectral indices, and

seven newly computed indices inferred from time series graphs of spectral indices.

Arbutus Erica Genista Olea Pbrut Phillyrea Qcoc Qinf
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Figure 5.5. NDVI values distribution per month for each of the eight vegetation classes
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Table 5.2. List of spectral indices and re-computed features from Sls to delaminate vegetation classes

Spectral Formula Reference
Indices (SI)

NDVI (B8 — B4)/(B8 + B4) Rouse et al., 1974
NDWI ((B8 — B11))/((B8 + B11)) Ceccato et al., 2001
SAVI ((B8 —B4) x1.5)/((B8 + B4+ 0.5)) | Huete, 1988
EVI2 ((B8 — B4) x2.5)/((B8+ 2.4 B4 | lJiangetal., 2008
+1))

GDVI2 (B8? — B4?) Wu, 2014

(B82 + B4?)
GVI (—0.283 * B2) + (—0.2453 * B3) + | Thenkabail et al., 2002
(Tasselled (—0.5436 x B4) + (0.7243 = B8) +
Cap (0.0840 x B11) + (—0.18 * B12)
vegetation)

Computed | Formula

Features
Feats NDVIL+ NDVIZ, Inferred  from I
2 monthly graphs (e.g.
Figure 5) for to
\ . distinguish species
Feat, NDVIean- NDVIF ean phenological
NDVILia, differences
Feats NDVIfan- NDVI§ can
NDVIEZ,
Feats NDWI2 .,n- NDWIE .o
NDWIEZZ,
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Table 5.2. List of spectral indices and re-computed features from Sls to delaminate vegetation classes

(continued)

Computed Formula

Features

Feats GVI7 ean- GVILZ
GVILia,

Feats SAVILL - SAVI? ...
SAVIL12

Featy GVIS ean- GVIE can
GVILis,

5.2.4.2. Random Forest Classification

Random forest (RF) (see e.g. Breiman, 2001) is a fast and powerful machine learning
algorithm that successfully overcomes high dimensionality and multicollinearity, thus
intermittently used in both regression and classification problems (Colditz et al., 2015;
Résédnen et al., 2013). The RF model was run in R software (R Core Team, 2017).
Major RF tuning parameters have been set to default values as suggested by Belgiu
and Dragut (2016). Such that; mtry (Number of variables randomly sampled as
candidates at each split) is equal to the square root of the total number of features, and

N (number of trees to grow) is set at 500.

5.2.4.3. Feature Selection

RF’s variable importance approach is highly beneficial for ranking features, applying
stepwise approaches, and setting certain thresholds to feature space. By means of

these, it is possible to find out (1) respectively correlated variables, (2) explanatory
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features for the prediction, and (3) to optimize the feature space with the minimum
number of variables (Genuer et al., 2010). Feature selection is an important step for
machine learning applications (Kohavi and John 1997). In total, 46 remote sensing
and environmental features are computed. Inherently some of them might be highly
correlated with each other, so to highlight the indispensable features, feature selection
algorithm was applied. In this study, we applied a wrapping approach, i.e. Recursive
Feature Selection (RFE) as described in Gregorultti et al., (2017). RFE uses a backward
iteration approach and it is highly capable of removing noisy and highly correlated
features. The RF classifier is trained and feature ranking is computed by permutation
importance. As a consecutive step, the least important features are eliminated and this
recursive process is repeated until all the features contribute significantly to the model
(Gregorutti et al., 2017).

5.2.4.4. Accuracy Assessment

We applied 10-fold cross-validation to provide an unbiased estimation of RF model
performance based on the entire sample of the limited GT set. To assess the accuracy
of the output classification a further independent validation was applied by placing
500 random points within sparse forest stands. By visual interpretation we categorized
each point by means of orthophotos. However due to the limitations in delineating
maquis we labelled these points as either trees or shrubs, thus a physiognomic
ontology was produced (tree and shrub) which is also highly beneficial in
understanding the dynamics of various vegetation stages. The classification map was
also grouped namely, shrubs (Genista ssp., Erica ssp., Mix) and trees (Olea europea,
Arbutus andrachnea, Pinus brutia). The classification map predicted by the model
were compared to these independent random set and assessed with the accuracy

statistics aforementioned above.
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5.3. Results

5.3.1. Classification map

The species level classification map of the maquis is presented in Figure 5.6. The most
widespread species is Genista acanthoclada (34.4%), followed by the “mix” class
(26.6 %), Erica sp. (15.9%), Arbutus andrachne (7.9%) and Olea europaea (3.3 %).
Although these vegetation types are labeled as “sparse Pinus brutia forests” by the
foresters, our study reveals that pines only cover 11.8% of the masked area.

3 - Arbutus sp.
|| I Erica s
D Genista sp.
B vixture
- Olea europea
[ pinus brutia

- Maquis
[0 Pinus brutia

Figure 5.6. (left) “Sparse forest” mask, green polygons show stands labelled as “sparse Pinus bruita

forest”, only orange polygon labelled as “maquis”. (right) Classification representing the dominant

maquis species and Pinus brutia
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5.3.2. Classification Accuracy

5.3.2.1. Species Level Classification Accuracy

Overall accuracy (OA) of the model is 0.78 and Cohen’s kappa coefficient (K) is 0.73
(Table 5.3). For each class, the accuracies are greater than 0.70. The classes Genista
acanthoclada and Pinus brutia achieved highest accuracies indicating a successful
classification. Commission errors are in the range of 0.0% to 28%, with the largest

error for Pinus brutia and the smallest for Olea europea.

Table 5.3. Confusion matrix of species classification

CLASSES Arbutus Erica Genista Mix Olea Pbrut .Il?;gl
Arbutus 14 0 0 1 0 4 19
Erica 0 24 3 4 0 O 31
Genista 0 2 25 2 0 0 29
Mix 2 1 4 24 0 3 34
Olea 2 1 1 14 0 18
Pinus 0 2 1 1 0 21 25
Column

18 29 34 33 14 28 156
Total
OMISSION 526 023 014 029 022 016
Error
COMISSION 527 017 026 027 000 028
Error
Overall Accuracy: 0.78 Cohen’s Kappa: 0.73

211



5.3.2.2. Physiognomic Classification Accuracy

The species level classification can be easily adapted into a physiognomic
classification which is a basic way of describing the vegetation condition. This scheme
is useful for various application areas in forestry and restoration ecology. Furthermore,
with this generalized categorization, we produced an independent sample set that
enables further validation. To assess map accuracy at the physiognomic level, an
independent validation set was generated that is based on 500 randomly selected
points and labelled by image interpretation. Table 5.4 shows the accuracy metrics of
this independent validation set on physiognomic level. OA is 0.93 and the K value is
0.86. These results confirm that this classification is highly capable to discriminate the

physiognomic (shrub-tree) stages of the maquis.

Table 5.4. Confusion matrix of the physiognomic classification

CLASSES Shrub  Tree Row Total
Shrub 287 8 295
Tree 25 180 205
Column Total 312 188 500

Comission Error 0.08 0.04
Omission Error 0.03 0.12

Overall Accuracy:0.93 Cohen’s Kappa:0.86

5.3.3. Explanatory Features

The RF classification for six species of the maquis enables to assess the power of the
predictor features. The total number of features used in the final RF model generation
is assessed by RFE performance. To reduce the effect of fluctuations in the
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performance of the RF caused by the random nature of the algorithm, the model is run
12 times with different seed values and the results are averaged. Figure 5.7 represents
the relative contribution of features to the model accuracy. Trend lines are depicted on
the curve and the first intersection is observed around 20 features. The intersection
point illustrates that the first 20 features seem to be highly important (steep trend line).
Using more than 20 features results in an almost horizontal trend line and feature

importance even begins to decline.
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Figure 5.7. Number of features versus overall accuracy (Red line: change in accuracy with the

additive random features. Dashed lines: the trend in the accuracy change)

As for variable importance, spectral indices appear to be the most important features
with the blue band (B2). Visible (red, green and blue bands), NIR and SWIR spectrum
of Sentinel-2 also contribute to the model. On the other hand, red edge spectrum is
eliminated. With respect to characteristics of the evergreen species, the mean annual
indices are more descriptive than specific seasonal features such as Feat 2, 4 and 1.
Among the ancillary variables, geology, soil, BIO19 (Precipitation of Coldest
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Quarter), BIO12 (Annual Precipitation) and DEM (elevation) are prominent (Figure
5.8).
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Figure 5.8. RF Variable importance of the 20 input features

5.4. Discussion

5.4.1. Utility of the Classification Map

This study presents an algorithm to classify six species of maquis and contributes to a
consistent solution to the problem of classifying complex woody vegetation in the
Mediterranean ecoregion. Thus, the output of this research is of great importance and
will enable to develop an enhanced ecosystem management and policy, in particular
SFM at stand level in Turkish Mediterranean region. Moreover, the use of freely

available and high-quality multi-temporal Sentinel-2 images offers new perspectives
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to discriminate maquis vegetation down to the species level. The spatial resolution of
the map (10 m) is sufficient to discriminate the composition of most maquis types.
Although higher spatial resolution might produce even better classification results at
the species level, the current resolution is absolutely sufficient for forest management
units to infer management decisions. The potential utility areas of species and

physiognomic level maps are suggested in Table 5.5.

Table 5.5. Potential utility of produced species maps in Mediterranean maquis

Utility Species level map Physiognomic level map
Monitoring land use land X X
cover (LULC)

Monitoring land X X
degradation

Landscape restoration X X
Vegetation mapping X X
Vegetation dynamics X

Fire management X

Biomass estimation X X
Managing non- timber X

forest products

Mapping ecosystem X X
services

RS based classification is more successful when most pixels are pure, i.e., composed
of one single class only. However, even for tree species classification, it remains
challenging to find pixels consisting of a single tree species and/or single age class
(Fassnacht et al., 2016). Also in our study, obtaining pure sample points consisting of
a single maquis species was not always feasible due to the heterogeneous and
inherently mixed maquis vegetation with varying heights. To overcome this problem,

we focused on patches dominated by a single species (>60% cover of a single type of
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vegetation) and generated target classes accordingly. Although canopy closure for
each class is even, the height of target species varies significantly for some of the
classes. The greater variance occurred for oak species (between 1 and 10 m), probably
due to their specific management (coppice regime or grazing pressure) in the past.
Phillyrea latifolia also vary substantially in their height (between 0.6 m and 5 m). The
vertical leaf area density of those species changed during their life cycle and thus

might affect classification performance.

Another issue is the spectral inter class variability due to the clutter caused by the bare
soil or other plants underneath the target species (Fassnacht et al., 2016). In our case,
presence of bare soil causes problems for the classes Genista acanthoclada and Erica
spp. However, other maquis plants and herbs contributing to the mixture in the
sampling locations of other classes (i.e. Arbutus, Olea, Quercus etc.) are the major
challenge and increase intra-class variability. In order to reduce the background signal
(clutter) caused by bare soil, we chose sampling locations with canopy closure higher
than 75%. We tolerated the natural variability caused by species heterogeneity as
typical characteristics of the Mediterranean region and did not further categorize or
eliminate species classes to remove this effect. Similar to the findings of Manevski et
al. (2012) obtained with field spectrometer, VIS and SWIR are highly prominent for
the maquis species. This is especially evident for Olea europea in our study. Similarly

Genista and Erica classes are well distinguished (Table 5.5).

5.4.2. Classification Accuracy

Our classification for both species and physiognomic levels are highly accurate. In
general, the accuracies are higher in biomes which have lower biodiversity (Fassnacht
et al., 2016). As Mediterranean maquis has high biodiversity, we found it more
applicable to compare our results with the similar studies conducted in the
Mediterranean region. The classification schemes, spectral and spatial resolutions of

imagery used and classification algorithms vary greatly in previous literature.

216



Nevertheless, Table 5.6 presents a comparison, with an emphasis on the accuracy

statistics.

Table 5.6. Accuracy statistics and classification scheme. We listed only classes related with maquis.

species)

4 middle mattoral classes
(dominated by Quercus
cocifera, Erica arborea,
Cistus spp)

3 low mattoral and 13
other classes

Model

Classes Predictors Classification/ | Accuracy Reference
(Magquis related class discriminatio
labels mentioned) n technique
Maquis Aerial Obiject based OA: 0.83, Fava et al.,
and three other classes Photographs Kappa: 0.77 | 2016
Low maquis Landsat TM | Maximum OA: 0.85 Grignetti et
High maquis SPOT likelihood al., 1997
Maquis with open canopy
forest sp. and other 11
classes
Species level Hyperspectra | Parametric and | 99% Maneski et
discrimination; | air and non-parametric | confidence al., 2011
Ceratonia siliqua, Olea spaceborn tests level results
europea, Pistacia sensors / highlights
lentiscus, Calicatome Field the spectral
villosa, Genista spectometry discriminati
acanthoclada on in certain

wavelengths
Shrublands, Landsat TM | RF/ OA: 0.83- Rodriguez-
Oak Grove and 12 other geostatistical | Maximum 0.92 Galiano et
classses textural likelihood al., 2012

features

6 dense mattoral classes HyMap Spectral angle | OA: 0.51- Sluiter and
(3 of them directly related | & mapper 0.69 De Jong,
with maquis: scattered Some & Ancillary 2005
Pinus, Quercus ilex ancillary data
dominant by undergrowth | variables classification
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To increase the accuracy and usefulness of the classification map we recommend three
issues regarding the sampling set. The acquisition of sampling set is a time and money
consuming process and a relatively subjective task (Belgiu and Dragut, 2016). We
collected 382 samples from 11 different maquis types. However, as aforementioned
above, we could not draw polygons for every sample point and include that number
(382) of training samples in the classification scheme. Recording the locations of
cluster centres just as points is not a good sampling methodology for the
Mediterranean region where the spatial heterogeneity is high. For some of the target
species visual interpretation is hardly possible at the inter-specific level (e.g. between
Quercus and Phillyrea, or between Erica and Genista). The easiest case of
discrimination by photo interpretation is between Olea and Arbutus due to different
hues of their leaves. Also, the shadows generated by the taller trunks of Olea and

Arbutus are easily discriminated from shrub formations.

A further limitation is in the evenness of the remaining samples. RF classifier is less
sensitive to imbalance in training, noise in the training set or overfitting problems
(Belgiu and Dragut, 2016). However, the distribution of samples within the training
set might improve the performance of the model. Colditz (2015) suggested that the
best accuracy was reached by the generation of area-proportional allocation of training
samples over classes, i.e. more samples allocated for commonly occupied classes. On
the other hand, Jin et al., (2014) showed that the area-proportional allocation reduced
the commission error and the equal allocation of classes reduced the omission error
for low- represented classes. While noting these findings, we again underline the
complex vegetation patterns in our study area. Given in Figure 4, the widespread
species are Genista acanthoclada, Erica sp. and the rare ones are Phillyrea latifolia,
Q. coccifera and Q. infectoria. On the other hand, due to the species community traits,
some of them generates wide clusters (Genista acanthoclada, Erica sp.) on the other
hand for some species it was hard to find even 100 m? coverage (Q. infectoria). We
followed the area-proportional allocation guides, our sampling scheme reflects the

plants’ occurrences.
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However, there are several other species such as Laurus nobilis, Myrtus communis,
and Pistacia terebinthus in the study area but they do not cluster explicitly or show
dominance and also they are very rare in the study area. Since, we note these species
as minorities or odd distributions during the field survey, we dismiss their
representation in the sample set. In further studies detection of these rare species
should be targeted as they have a potential to contribute to the local livelihoods as
non-timber forest products. These shortcomings in the sampling set might be

improved with more intensive fieldwork.

5.4.3. Explanatory Features

Although RF is insensitive to high dimensionality, an iterative backward selection is
highly recommended (Belgiu and Dragut, 2016). With the optimization of feature
space, the predictors with substantial importance were identified, so we can
understand the main drivers of the species distribution and prevent the overfitting
problem caused by a limited number of samples in relation to the number of predictor

features, as well as prevent multicollinearity.

5.4.3.1. Remote Sensing Features

The important wavelength regions are VIS and SWIR which explains the reaction of
plant pigments and water content (Schmidt and Skidmore, 2003; Fassnacht et al.,
2016; Manevski et al., 2011). Similar to Pu and Liu (2011) and Waser et al. (2011)’s
findings, the blue wavelength region is remarkable to the construction of the model.
This might be related to the lower photosynthesis in the blue light. The least important
portion of the wavelength is red edge spectrum which is also noted in the study of

semi-arid woodlands’ tree classification (Peerbhay et al., 2014).

Grignetti et al. (1997) highlighted the autumn and winter periods as the best seasonal

descriptors for maquis. On the other hand, Calvao and Palmeirim (2004)
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recommended the summer period to better discriminate between sclerophylls and
semi-deciduous scrubs. Our results revealed that the annual mean features are more
descriptive than specific seasonal descriptors, i.e., Feat 1-7 inferred from time series

graphs in our case.

5.4.3.2. Ancillary features

In this study, the use of ancillary features substantially increases model performance.
Single use of spectral features is not able to reflect the high environmental
heterogeneity of the study area. These findings support Sluiter and De Jong (2005);
they also suggested that the spectral confusion in heterogeneous vegetation patterns
can be overcome by adding ancillary data. The depth and type of soil bounds the niche
for particular maquis species (e.g. Rundel et al., 2016). Another limitation in plant
growth is the precipitation (Pausas, 1999). Thus, geology, soil type, annual
precipitation (Bl1O12), the precipitation of coldest quarter (BIO19) and elevation

appear as important features in Figure 8in terms of variable importance.
5.5. Conclusions

As an important ecological formation, maquis provide substantial services such as soil
protection, runoff control or the provision of non-timber forest products to
Mediterranean communities. Therefore, maquis ecosystems should not be ignored in
the context of climate change because the forest trees are highly prone to climate
change and interlinked to land degradation and desertification process. Their high
biodiversity, various fire and drought prone traits may enhance resilience of

Mediterranean region.

In the present study a detailed classification for Mediterranean maquis was developed
based on a machine learning approach and freely available multi-temporal Sentinel-2
images that meets the requirements for a future Sustainable Forest management. The

classification approach enabled to distinguish between six maquis classes and
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produced 78% overall accuracy. An additional output of the approach was the
identification of required spectral indices, spectral bands and environmental factors a
successful classification for typical Mediterranean maquis region. Our results
demonstrate that several prominent maquis species can be successfully discriminated

with remote sensing.

Based on the promising results, we anticipate that increasing the number of samples
in low represented classes will further improve the accuracy of the classification
product. Existing forest inventories, focusing only on the presence of a few woody
tree species in Turkey, have to be improved and adapted by better reflecting the

diversity of maquis ecosystems,

The increasing availability of remote sensing products and the launch of user-friendly
data downloading and processing tools such as the cloud sourcing platforms (Google
Earth Engine) will provide a common basis to improve our knowledge on
understanding the complex ecosystems and will enable us to test the performance of
the model in the wider Mediterranean Basin. Also the ingestion of Sentinel-2 Level

2A images, when available, into GEE may increase accuracy of species classification.
5.6. Linkage the Ecosystem Level Monitoring

This study highlighted the great potential of remote sensing in ecosystem level
monitoring. Even in a complex ecosystem this method provides an accurate tool to
map the compositional diversity in ecosystem level. This approach is spatially
comprehensive and temporally consistent. Thus, it presents an opportunity to set up a
systematic long term monitoring program by utilizing Sentinel-2 imagery. The open
and freely available image archieve increases the cost effectiveness of the monitoring

compared to other information resources.

National monitoing programs highly differ in temporal, spatial and taxonomic extents.
Developing a national scale ecosystem level monitoring is necessary to link the drivers
of ecosystem change with other levels of biodiversity. The benefits of satellite based

remote sensing in monitoring and potential to feed EBVs approach) has been
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highlighted by several authors (O’Connor et al., 2015; Skidmore et al., 2015; Lausch
et al., 2016; Vihervaara et al., 2017). And O’Connor et al. (2015) listed these benefits

as follows;

1. Wide swaths of satellites scan large portions of land surface at a glance.

2. These images provide consistent and systematic observations of Earth.

3. More stable and continuous satellite missions enables multi-annual time series
information.

4. Remote sensing is the most cost-effective way monitoring remote and

inaccessible areas (except extreme Polar Regions).

The promising improvement in automated data acquisition techniques (such as camera
traps, soundscape capturing sensors etc.) still come with economic limitations. The
most beneficial attribute of remote sensing is its long term accurate and reliable data
stream and free of charge structure of some galleries. Thus, establishing a nationwide
program relying on remote sensing data would improve the current situation by
increasing geographical coverage and providing repeated measurements. To automize
the process we need to generate the nomenclature of habitats and ecosystems, collect
validation and calibration ground truth points, set up the model. Once the model would
built, the automation would increase the economic returns of scale by its applicability,
feasibility, scalability and continuity (Vihervaara et al., 2017).
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CHAPTER 6

CONCLUSION AND FUTURE WORK

Monitoring is essential for halting biodiversity loss, understanding the driving forces
of biodiversity decline and extinction, and regulating human activities. We face the
consequences of biodiversity loss at unprecedented rates in unexpected ways, and we
recognize its importance only when its essential benefits disappear. As climate change
and other environmental challenges affect society, awareness of such issues and
concerns about the future of our planet increase among many people. During these
days, we try to save our health from the COVID19 virus that globally infected over
twenty nine million people and caused nine hundred thousand people to die. While |
was writing this dissertation, | have listened politicians, journalists, scientists, and
ordinary citizens talking about the importance of biodiversity daily on popular media.
Biodiversity monitoring is not a fashion or an action for taking an advantage on the
policy arena. It is a vital issue that we need to tackle in a smart way.

6.1. Assessment of Monitoring in Turkey

This dissertation has focused on the monitoring of biodiversity in Turkey’s terrestrial
realms. It is a snapshot in time and space, and surely has room for improvement.

Biodiversity monitoring is a vast topic that covers many agents, entities and extents.

I conducted a meta-analysis of the status by generating comprehensive metadata.
Despite the abundance of electronic databases (Noah’s Ark, e-Bird, GBIF etc.),
spatial, temporal and taxonomic extents of data are limited. This study revealed those
gaps. Although enormous progress have been achieved in monitoring biodiversity,
what to monitor is still a big argument. Most of the time decisions are taken either
politically or based on the availability of the human resources. Here | present the gaps
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and opportunities derived in this study based on our biodiversity monitoring history

in the hope that it will help to guide us in this new era of knowledge.

There has been little biological knowledge to form a baseline data except for birds and
some charismatic animals such as the Mediterranean Monk Seal and the Loggerhead
Turtle for Turkey. However, with species action plans and biodiversity inventories,
Turkey is now approaching a new level of baseline data accumulation. Successful
monitoring programs involve multi-step, multi-scale systems, stratified spatially and
sequentially. Long term monitoring should be based on inventories and systematically
recorded data produced by dedicated teams or agencies in strong cooperation. The
constraints on human and financial resources challenge us. We can overcome this
problem with a dedicated leadership and by forging well developed partnerships
between the government, academia and NGOs.

6.1.1. Design and Implementation

In this new generation of knowledge, it is important to ensure the persistence of
“willingness to monitor” / “monitoring dedication” in Turkey. Identifying huge areas
for monitoring in 81 province would not make the process easier, considering the
limited financial resources. Thus conceptualizing a sustainable scheme is highly
important for covering all ecoregions, and all levels of biodiversity (ecosystems,
species, genes). To prioritize the monitoring in spatial extent it would be wise to use
optimization algorithms that consider constraints such as 1) threats and pressures, 2)
financial and human resources, and 3) representative targets. These targets should span
various aspects of biodiversity (i.e. different taxonomic groups as well as various EBV
classes). Systematic change would be captured only through wise area selection. In
cases where such decisions are taken by experts, there will be a certain bias towards

some geographical areas or some species groups due to the taxonomic chauvinism.

It is important to limit the aim of the monitoring. Will monitoring particularly focus
on one impact (such as climate change, fragmentation, pollution etc.) or a single

management action (clear cut logging, plantation, landscape restoration), or is it for
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detecting broad scale change in an ecosystem (wetlands, forests etc.)? Below questions
are ideal goals for shaping a monitoring scheme: (1) How does biodiversity change?
(2) Why is biodiversity changing? (3) What are the consequences for human well-
being? (4) Are responses being taken effective? But these questions are not precise
enough. An ideal question might rather be “How can we detect a 5% change in
population, community, ecosystem with 10% confidence interval in a defined area
within defined period?” None of the monitoring programs in Turkey has descriptive
monitoring questions in their portfolio. Such thresholds are important to trigger policy

making and management into action.

Ecosystem level monitoring should be carried out at the national level. An interval of
5 years would be frequent enough for most ecological processes but separated enough
in time to sustain limited resources. The nomenclature of the land cover map should
reflect the diversity of ecosystems. Imported ontologies such as CORINE often do not
represent this diversity. Moreover the minimum mapping unit size of such large scale
products lead to missing rare and unique habitats. The UBENIS project requires
production of EUNIS habitat classifications for each province. Since these maps are
not accessible yet, it is hard to argue about their sufficiency. It is also important to
generate ecosystem level monitoring through remote sensing. In case a successful
algorithm has been set up once, the analyses can be repeated even at monthly intervals.
In this way an early warning detection system would be established at the national
level by incorporating thresholds for ecosystems such as “10 hectares or more of
change in a region within a month”. These changes might be natural such as due to
forest fires, droughts or they may be man-made Autonomous detection of change

raises our capacity to intervene whenever necessary.

At the ecoregional level, common generalist species should be monitored at 1-3 years
intervals. Birds are most suitable for this purpose, thanks to the higher citizen science

potential across the country.
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Particularly some ecosystems (forests, wetlands, grasslands, etc.) should be monitored
within ecoregions with defined targets. The selection should be done wisely by using

spatial optimization tools.

Developing common processes and methodologies to monitor the status and trends in
ecosystem services is of high interest for many practitioners. However many services
cannot be monitored at the moment. Although the society increasingly realizes the
importance of ecosystem services day by day, currently many ecosystem services are
evaluated via rough models because of our knowledge deficit on ecosystem functions.
Long-term monitoring would definitely improve our knowledge on functioning of
ecosystems. It is particularly urgent to generate targeted monitoring programs
focusing on soil biotic communities and pollinators to better understand pollination
ecology and soil conservation. In relevance with ecosystem services, it is important to
design long-term monitoring activities in human modified landscapes (urban, rural,
agricultural). These landscapes are fragile to extreme events and at the same time host
millions of people. It is important to highlight how biodiversity increase or decrease
impacts the acquisition of ecosystem services and whether that makes these areas more

vulnerable or resilient.

Another highlight is the urgency of monitoring of protected areas. These areas
constitute a baseline where human interference is limited and controlled, and could
act as reference ecosystems against which utilized ecosystems are compared with.

Unfortunately, there is no ongoing monitoring of them at the moment.

6.1.2. Data Management and Storage

This dissertation shows one bad, one good and one ugly thing about biodiversity data
across Turkey. The good thing is “there is data”, in various forms and covering a
relatively wide range of species groups, geographical regions and levels. The bad thing
1s “data is highly dispersed through not only temporal, spatial and taxonomic extents

but also amongst a multitude of individuals and organizations”. The ugly thing is
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“unwillingness to share data”, a behavior or attitude that runs across the whole
spectrum of government or academia. | faced many troubles while even compiling
metadata. We need to harmonize the existing data and construct a basis for future
monitoring. EBVSs are located between raw data and indicators. Thus a harmonization
policy at this stage would meet the needs of all users.

Two issues arise with the existing data: (1) digitalization of historical data: Even
though the data was collected by several projects run by several organizations, due to
the lack of organizational memory, most data is only in personal archives. Therefore,
the available data is more dispersed than it really should have been. (2) harmonizing
existing digital data: This is mostly at the species level. However, data collection
methodologies and type of sampling vary enormously, and no metadata structure
exists. It is important to generate metadata tags and use global data formats for data

storage.

For future studies, the most important step would be to activate the Noah’s Ark
Biological Diversity Database, and to remove data restrictions at least for the data
provider community. In case this cannot be achieved, then the biodiversity community
should generate a new open source database which meets the FAIR principles
(Findable, accessible, interoperable, reusable) and globally accepted data and
metadata standards (EML, OGC, etc.) (Hardisty et al., 2019).

Unfortunately the contribution of global databases is yet quite low (i.e. GBIF).
Biodiversity is a global common, considering the global catastrophes such as vector
based diseases or spread of invasive species require a cross border assessment. Thus,
the biodiversity data acquired by monitoring efforts should be shared with the global

community.
6.1.3. Analysis and Reporting

Collective and automated data strengthens other automated tools such as models,
estimates and future projections. Ecology is a vast discipline and in general modelers

build models and taxonomists collect samples, but they rarely work together.
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Combining these expertise in a platform with automated tools will increase our
understanding of the issues, and will provide improved interpretation and

visualization.

The volume of monitoring is meaningless unless the quantification of change is
presented in the reports. Reporting frequency should match with the policy plans
(development plans, management plans, etc.). Moreover the reports should also
integrate a section on corresponding loss or degradation of ecosystem services or
SDGs.

6.2. Feasibility Analysis

The condensed framework of EBVs is very useful to harmonize biodiversity data
knowledge globally. Monitoring every aspect of biodiversity and covering several
taxa is scientifically ideal. But it is highly arguable to reach that utopic wishlist

considering the uneven distribution of expertise, financial resources etc. worldwide.

Here, my motive is not to offer a set of EBVs, but rather to present a basin for vision
change. Current tendencies are often constricted by customary practices and habits.
Monitoring is an inherently expensive and resource demanding activity. By assessing
their usefulness (as benefits) and feasibility (as a derivative of cost), future monitoring

actions can be wisely selected.

For this reason I also conduct a robust comparison of the feasibility of EBVs by using
meta-analysis results (expert numbers, etc.). This assessment is not based on solid cost
values but rather an interactive scoring. It is possible that the relative rankings of
scores may shift as sampling methods improve, further taxon-specific survey
experience is gained (especially for currently disadvantaged taxa), some EBVs
become better understood in the future, or the monitoring question (the target species,
temporal and spatial extents, etc.) is better described — then this methodology will
present more concise results. The irreplaceable set of monitoring should include the
most useful and the most feasible EBVs. For the moment, at the national scale, the

predominant EBVs are species population (Species Distribution and Population
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Abundance), ecosystem structure (Habitat Structure) and ecosystem function

(Disturbance Regime).

6.3. Remote Sensing

Ecosystem monitoring requires particular attention as it can reflect both biotic change
and human disturbance. Consistent mapping of habitats reveals not only information
about ecosystem integrity but also any instantaneous change. Thus future conservation
and planning can be developed at the ecosystem level. Open source remote sensing
galleries provide a big opportunity due to their broad spatial coverage, adequate spatial
(10-30m) and temporal resolution (5-16 days). It is interesting that we do not have a
national land cover map yet. Generating semi-automated ecosystem mapping on the
basis of remote sensing and machine learning is necessary to reduce site-based effort.
Even in a complex ecosystem, | was able to demonstrate the success of vegetation
mapping by using open source Sentinel-2 gallery (see Chapter 5). For this task, first
we need to identify the vegetations on both compositional and structural bases. Once
the nomenclature is determined, then we need to complete ground truth points for
training and testing the model. These points can be obtained from ongoing monitoring
programs (ICP forests). Also if a data platform can be developed, volunteers and
citizen scientists will fill the gaps. Remote sensing is the least expensive monitoring
tool once a working model has been set. This shift in emphasis will develop our
modelling skills, which will benefit from the technological improvements in drones,
and availability of LIDAR and hyperspectral data. Such data sources provide
information that any on-site study can generate (such as biomass calculations).
Moreover, habitat maps provides necessary information about ecosystem services,

SDGs, and natural resource management.
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6.4. What | could not do?

As a conclusion remark | would like to discuss what | could not achieve during this
study. | believe these limitations are as important as the positive outcomes. First of all,
data accessibility has been a major obstacle. Collating data requires a collective spirit
as sharing information makes us stronger. However, not only scientists but also
governmental organizations keep data to themselves. They tend to use data ownership
as a measure of power and this attitude is somehow contiguous over the community.
Also as the ministry’s work model often involves giving tenders to private companies,
this moves the community towards the wrong vision that “Biodiversity data sells”.

Hopefully the citizen science community is expanding.

Considering the vast biodiversity in Turkey, “What to monitor?” is an important
question but more urgently we need to answer “What to monitor, where, in the most
cost efficient way?”. Some monitoring items would be indispensable, but surely there
would be some substitutional and complementary items. Comparing the cost of
monitoring alternatives would rise the overall efficiency in the long-run. Conducting

such an analysis requires the following data:

- Concrete monitoring question

- Species occurrence records and derived species distribution models

- Cost of monitoring actions per person/per unit time/per effort, consistent
budget items

- Agreed list of indicators (target ecosystems/species/genes)

- Allocated budget for monitoring

The cost of monitoring would differ by location due to logistics and availability of
expertise and volunteers etc. Thus, performing monitoring in Istanbul and 1gdir would

be different in expenses. Therefore, inventory of costs should reflect such variables.

Ecologists hardly understand economists and vice versa. But money is a common
value that everyone has the same kind of knowledge about. The marginality topic is a

future discussion. How would information increase by performing one more unit of
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monitoring? For example adding ecosystem level monitoring to ongoing species
programs would bring enormous benefit in an ecological sense. Or conducting a
genetic analysis would provide information for climate change resilience studies. In
that regard, it is important to provide financial analysis not just by cost perspective but

also for benefit perspective. The monitoring activity has many positive externalities.

Overall, one could state that although the necessity of biodiversity monitoring has
been understood by most relevant bodies in Turkey, the lingering issues of insufficient
data sharing and lack of a prioritization of types of monitoring continue to cause
concern in the face of accelerating biodiversity loss. The adoption of EBVs as a
framework on which to develop policies and methodologies, as well as the setting up
of a dedicated unit for biodiversity monitoring might be valuable steps to remedy those

concerns.

231



232



REFERENCES

AA (Anadolu Ajansi). (2020). imar Barisi'nda 30 bini askin yap1 kayit belgesi iptal
edildi. Retrieved September 1, 2020, from https://www.aa.com.tr/tr/turkiye/
imar-barisinda-30-bini-askin-yapi-kayit-belgesi-iptal-edildi/1735457.

AEWA (African-Eurasian Migratory Waterbirds). (2005). Conservation Guidelines
No. 1 - Guidelines on the preparation of National Single Species Action Plans
for migratory waterbirds, Wetlands International. Retrieved June 17, 2017,
from https://www.unep-aewa.org/en/publication/aewa-conservation-guidelin

es- no-1-guidelines-preparation-national-single-species-action

Akgiindiiz, E., Cekig, O., Oziidogru, E., Erdogan, S., Karauz, E.S., Tezel, D. & Toru,
E. (2009, Kasim). Tirkiye Biyolojik Cesitliliginin Cografi Bilgi Sistemleri
Yardimiyla izlenmesi: Nuh’un Gemisi Biyolojik Cesitlilik Veritabani. In
Proceedings of the TMMOB Cografi Bilgi Sistemleri Kongresi, 1zmir, 2-6.

Akyol, A., & Tolunay, A. (2014). Modelling of sustainable forest management criteria
and indicators for Turkey. Tiirkiye Ormanculik Dergisi, 15(1), 21-32.

Altman, 1., Boumans, R., Roman, J., Gopal, S. & Kaufman, L. (2014). An ecosystem
accounting framework for marine ecosystem-based management. In M. J.
Fogarty & J. J. McCarthy (Eds.), Marine ecosystem-based management. The
sea: ldeas and observations on progress in the study of the seas (\Vol. 16, pp.
245-276). Cambridge, MA, USA: Harvard University Press.

Ambarli, D., Zeydanl, U. S., Balkiz, O., Aslan, S., Karagetin, E., Sézen, M., ... &
Welch, H. J. (2016). An overview of biodiversity and conservation status of
steppes of the Anatolian Biogeographical Region. Biodiversity and
conservation, 25(12), 2491-2519.

Andrew, M. E., & Shephard, J. M. (2017). Semi-automated detection of eagle nests:
an application of very high-resolution image data and advanced image analyses

to wildlife surveys. Remote Sensing in Ecology and Conservation, 3(2), 66-80.

233


https://www.aa.com.tr/tr/turkiye/
https://www.unep-aewa.org/en/publication/aewa-conservation-guidelin%20es-%20no-1-
https://www.unep-aewa.org/en/publication/aewa-conservation-guidelin%20es-%20no-1-

Appleby, C.E. (1991). Monitoring at the county level. In F.B. Goldsmith (Ed).
Monitoring for conservation and ecology (pp. 155-179). Springer Science &

Business Media.

Archaux, F., & Berges, L. (2008). Optimising vegetation monitoring. A case study in
a French lowland forest. Environmental monitoring and assessment, 141(1-3),
19-25.

Atalay, 1., Efe, R., & Oztiirk, M. (2014). Ecology and classification of forests in
Turkey. Procedia - Social and Behavioral Sciences, 120, 788-805.

Atmis, E. (2018). A critical review of the (potentially) negative impacts of current
protected area policies on the nature conservation of forests in Turkey. Land
Use Policy, 70, 675-684.

Bagstad, K. J., Semmens, D. J., Waage, S. & Winthrop, R. (2013). A comparative
assessment of decision-support tools for ecosystem services quantification and

valuation. Ecosystem Services, 5, 27-39.

Bajocco, S., De Angelis, A., Salvati, L., (2012). A satellite-based green index as a
proxy for vegetation cover quality in a Mediterranean region. Ecological
Indicators, 23, 578-587.

Bajocco, S., Koutsias, N., & Ricotta, C. (2017). Linking fire ignitions hotspots and
fuel phenology: The importance of being seasonal. Ecological Indicators, 82,
433-440.

Balkiz, O., Bucak, T., Demirbas Caglayan, S., Ulker, E.D., Tiifekcioglu, I., Bilgin,
G.D., ... & Zeydanli, U. (2020). Adana Orman Bolge Miidiirliigii ile Pos
Orman Isletme Miidiirliigii Siirdiiriilebilir Orman Yonetimi Kriter ve

Gostergelerine Gore Degerlendirme. Doga Koruma Merkezi, Ankara.

Ball, I. R., Possingham, H. P., & Watts, M. (2009). Marxan and relatives: Software
for spatial conservation prioritisation. In A. Moilanen, K. A., Wilson, & H. P.

234



Possingham (Eds.), Spatial conservation prioritisation: Quantitative methods
and computational tools (pp. 185-195). Oxford: Oxford University Press.

Balmford, A., Green, R. E., & Jenkins, M. (2003). Measuring the changing state of
nature. Trends in Ecology & Evolution, 18(7), 326-330.

Balmford, A., Bennun, L., Ten Brink, B., Cooper, D., Coté, I. M., Crane, P., ... &
Gregory, R. D. (2005). The convention on biological diversity's 2010 target.
Science, 307(5707), 212-213.

Balvanera, P., Quijas, S., Karp, D. S., Ash, N., Bennett, E. M., Boumans, R., ...&
Walz, A. (2017). Ecosystem Services. In R. J. Scholes & M. Walters (Eds.),
The GEO Handbook on Biodiversity Observation Networks (pp. 39-78).

Springer Nature.

Baran 1., Ilgaz C., Aver A., Kumlutas, Y., Olgun K. (2012). Tiirkive Amfibi ve
Siiriingenleri. Ankara, TUBITAK.

Bartholomé, E. (2004, March). The GLC 2000 Land-cover map and beyond: lessons
learnt, strengths, weaknesses, possible improvements. In Proceedings of the
VEGETATION 2004 Conference, Antwerp, Belgium (pp. 24-26).

Bause, K., Radimersky, A., Iwanicki, M., & Albers, A. (2014). Feasibility studies in
the product development process. Procedia CIRP, 21, 473-478

Bawa, K. S., & Menon, S. (1997). Biodiversity monitoring the missing ingredients.
Trends in Ecology & Evolution, 12(1), 42.

Beever, E. A. (2006). Monitoring biological diversity: strategies, tools, limitations,

and challenges. Northwestern Naturalist, 87(1), 66-79.

Belgiu, M., & Dragu, L. (2016). Random forest in remote sensing: A review of
applications and future directions. ISPRS Journal of Photogrammetry and
Remote Sensing, 114, 24-31

235



Beng, K. C., & Corlett, R. T. (2020). Applications of environmental DNA (eDNA) in
ecology and conservation: opportunities, challenges and prospects.

Biodiversity and Conservation, 1-33.

Biermann, F., Kanie, N., & Kim, R. E. (2017). Global governance by goal-setting: the
novel approach of the UN Sustainable Development Goals. Current Opinion

in Environmental Sustainability, 26, 26-31.

Birben, U. (2019). The Effectiveness of protected areas in biodiversity conservation:

The case of Turkey. Cerne, 25(4), 424-438.

Boenigk, J., Wodniok, S., & Gliicksman, E. (2015). Biodiversity and earth history.
Springer.

Bonan, G. B. (2008). Forests and climate change: forcings, feedbacks, and the climate
benefits of forests. Science, 320(5882), 1444-1449.

Bondeau, A., Smith, P. C., Zaehle, S., Schaphoff, S., Lucht, W., Cramer, W., ... &
Smith, B. (2007). Modelling the role of agriculture for the 20th century global
terrestrial carbon balance. Global Change Biology, 13(3), 679-706.

Bonnet, X., Shine, R., & Lourdais, O. (2002). Taxonomic chauvinism. Trends in
Ecology & Evolution, 17(1), 1-3.

Bontemps, S., Defourny, P., Van Bogaert, E., Team, E. S. A., Arino, O., ... & Perez,
J.R. (2011). GLOBCOVER 2009 Products Description and Validation Report.
https://core.ac.uk/download/pdf/11773712.pdf

Borghini, A., & Casetta, E. (2019). Brill's Companion to the Philosophy.
Contemporary philosophy, 4, 2588-7823, Leiden, The Netherlands.

Borre, J. V., Paelinckx, D., Miicher, C. A., Kooistra, L., Haest, B., De Blust, G., &
Schmidt, A. M. (2011). Integrating remote sensing in Natura 2000 habitat
monitoring: Prospects on the way forward. Journal for Nature Conservation,
19(2), 116-125.

236



Boykin, K. G., Kepner, W. G., Bradford, D. F., Guy, R. K., Kopp, D. A., Leimer, A.
K., .. & Gergely, K. J. (2013). A national approach for mapping and
quantifying habitat-based biodiversity metrics across multiple spatial scales.
Ecological Indicators, 33, 139-147.

Breiman, L., (2001). Random forests. Machine learning, 45(1), 5-32.

Brudorf, M.W., Davies, N., Dulloo, M. E., Faith, D. P., Walters, F. 2017. Monitoring
Changes in Genetic Diversity. In R. J. Scholes & M. Walters (Eds.), The GEO
Handbook on Biodiversity Observation Networks, (pp. 107-128). Springer

Nature.

Brundtland, G. H., Khalid, M., Agnelli, S., Al-Athel, S., & Chidzero, B. J. N. Y.
(1987). Our common future. New York, 8.

Budd, J. T. C. (1991).Remote Sensing techniques for monitoring land-cover. In F.B.
Goldsmith (Ed). Monitoring for conservation and ecology (pp. 1-17). Springer

Science & Business Media.

Buesching, C.D., Slade, E.M., Newman, C., Ruitta, T., Riordan, P., & Macdonald,
D.W., (2015). Many hands make light work - but do they? A critical evaluation
of citizen science. In Macdonald, D.W., & Feber, R. (Eds.), Wildlife
Conservation on Farmland Volume 2: Conflict in the Countryside. Oxford
University Press, New York.

Burrascano, S., Sabatini, F.M., & Blasi, C. (2011). Testing indicators of sustainable
forest management on understorey composition and diversity in southern Italy
through variation partitioning. Plant Ecology, 212(5), 829-841.

Butchart, S. H. M., Walpole, M., Collen, B., van Strien, A., Scharlemann, J. P. W.,
Almond, R. E. E.,, ... & Carpenter, K. E. (2010). Global biodiversity: Indicators
of recent declines. Science, 328, 1164-1168.

237



Callaghan, C.T., Poore, A.G.B., Major, R.E., Rowley, J.J.L., & Cornwell, W.K.
(2019). Optimizing future biodiversity sampling by citizen scientists.
Proceedings of Royal Society B, 286(1912), 20191487.

Calvao, T., & Palmeirim, J.M. (2004). Mapping Mediterranean scrub with satellite
imagery: biomass estimation and spectral behaviour. International Journal of
Remote Sensing, 25(16), 3113-3126.

Cardinale, B. J., Duffy, J. E., Gonzalez, A., Hooper, D. U., Perrings, C., Venail, P., ...
& Kinzig, A. P. (2012). Biodiversity loss and its impact on humanity. Nature,
486(7401), 59-67.

Cardoso, P., Erwin, T. L., Borges, P. A. V. & New, T. R. (2011). The seven
impediments in invertebrate conservation and how to overcome them.
Biological Conservetion. 144, 2647-2655.

Casermeiro, M.A., Molina, J.A., De La Cruz Caravaca, M.T., Hernando Costa, J.,
Hernando Massanet, M.l., & Moreno, P.S. (2004). Influence of scrubs on
runoff and sediment loss in soils of Mediterranean climate. Catena, 57, 91—
107.

CBD (Convention on Biological Diversity). (2020). Processes and Meetings.
Retrieved April 18, 2020, from https://www.cbd.int/process/.

Ceballos, G., & Ehrlich, P. R. (2009). Discoveries of new mammal species and their
implications for conservation and ecosystem services. Proceedings of the
National Academy of Sciences, 106(10), 3841-3846.

Ceballos, G., Ehrlich, P. R., Barnosky, A. D., Garcia, A., Pringle, R. M., & Palmer, T.
M. (2015). Accelerated modern human—induced species losses: Entering the

sixth mass extinction. Science advances, 1(5).

Ceccato, P., Flasse, S., Tarantola, S., Jacquemoud, S., & Grégoire, J. M. (2001).
Detecting vegetation leaf water content using reflectance in the optical domain.
Remote sensing of environment, 77(1), 22-33.

238



Certain, G., Skarpaas, O., Bjerke, J. W., Framstad, E., Lindholm, M., Nilsen, J. E., &
van der Meeren, G. 1. (2011). The Nature Index: A general framework for

synthesizing knowledge on the state of biodiversity. Plos One, 6(4), €18930.

Chandler, M., See, L., Buesching, C.D., Cousins, J.A., Gillies, C., Kays, R.W.,
Newman, C., Pereira, H.M. & Tiago, P. (2017). Involving Citizen Scientists in
Biodiversity Observation. In Scholes, R.J., & Walters, M. (Eds.), The GEO
Handbook on Biodiversity Observation Networks (pp. 211-237). Springer
Nature.

Chang, J., & Shoshany, M. (2016, July). Mediterranean shrublands biomass
estimation using Sentinel-1 and Sentinel-2. In 2016 IEEE International
Geoscience and Remote Sensing Symposium (IGARSS) (pp. 5300-5303). IEEE.

Chastain, R., Housman, ., Goldstein, J., Finco, M., & Tenneson, K. (2019). Empirical
cross sensor comparison of Sentinel-2A and 2B MSI, Landsat-8 OLI, and
Landsat-7 ETM+ top of atmosphere spectral characteristics over the

conterminous United States. Remote Sensing of Environment, 221, 274-285.

Ciancio, O., & Nocentini, S. (2004). Biodiversity Conservation in Mediterranean
Forest Ecosystems: from Theory to Operationality. In: Marchetti, M. (Eds),
EFI Proceedings No.51. Monitoring and Indicators of Forest Biodiversity in

Europe- from Ideas to Operationality, 163.

Colditz, R. R. (2015). An Evaluation of Different Training Sample Allocation
Schemes for Discrete and Continuous Land Cover Classification Using
Decision Tree-Based Algorithms. Remote Sensing. 7, 9655-9681.

Collen, B., & Nicholson, E. (2014). Taking the measure of change. Science, 346, 166—
167.

Colson, D., Petropoulos, G. P., & Ferentinos, K. P. (2018). Exploring the potential of

Sentinels-1 & 2 of the Copernicus Mission in support of rapid and cost-

239



effective wildfire assessment. International journal of applied earth

observation and geoinformation, 73, 262-276.

Coppin, P., Jonckheere, 1., Nackaerts, K., Muys, B., & Lambin, E. (2004). Review
Article Digital change detection methods in ecosystem monitoring: a review.

International journal of remote sensing, 25(9), 1565-1596.

Corcoran, E., Denman, S., Hanger, J., Wilson, B., & Hamilton, G. (2019). Automated
detection of koalas using low-level aerial surveillance and machine learning.
Scientific reports, 9(1), 1-9.

Corcoran, J. M., Knight, J. F., & Gallant, A. L. (2013). Influence of multi-source and
multi-temporal remotely sensed and ancillary data on the accuracy of random
forest classification of wetlands in Northern Minnesota. Remote Sensing, 5(7),
3212-3238.

Costanza, R., d'Arge, R., De Groot, R., Farber, S., Grasso, M., Hannon, B., ... &
Raskin, R. G. (1998). The value of the world's ecosystem services and natural

capital. Ecological economics, 25(1), 3-15.

Costanza, R., De Groot, R., Sutton, P., Van der Ploeg, S., Anderson, S. J.,
Kubiszewski, 1., ... & Turner, R. K. (2014). Changes in the global value of
ecosystem services. Global environmental change, 26, 152-158.

Costello, M. J., May, R. M. & Stork, N. E. (2013b). Can we name Earth’s species
before they go extinct?. Science, 339, 413-416.

Crutzen, P.J. (2006). The Anthropocene. In E. Ehlers, & K. Thomas (Eds.), Earth
System Science in the Anthropocene. (pp.13-19). Netherlands, Springer.

DAD (2013). Tiir eylem Plant Hazirlama Rehberi. Doga Arastirmatirmalart Dernegi,
Ankara.

240



Danielsen, F., Mendoza, M. M., Alviola, P., Balete, D. S., Enghoff, M., Poulsen, M.
K., & Jensen, A. E. (2003). Biodiversity monitoring in developing countries:

what are we trying to achieve?. Oryx, 37(4), 407-409.

Davies, N., Meyer, C., Gilbert, J. A., Amaral-Zettler, L., Deck, J., Bicak, M., ... &
Field, D. (2012). A call for an international network of genomic observatories
(GOs). GigaScience, 1(1), 2047-217X.

Davis, P.H., 1985. Flora of Turkey and the East Aegean Islands. Edinburgh University
Press, Vol. 9., Edinburgh.

De Blust, G., Laurijssens, G., Van Calster, H., Verschelde, P., Bauwens, B., Svensson,
J., & Jongman, R. H. G. (2013). Design of a monitoring system and its cost-
effectiveness: optimization of biodiversity monitoring through close
collaboration of users and data providers (No. INBO. R. 2013.1). Alterra,
Wageningen-UR.

De Jong, S. M., & Burrough, P. A. (1995). A fractal approach to the classification of
Mediterranean vegetation types in remotely sensed images. Photogrammetric
Engineering and Remote Sensing, 61(8), 1041-1053.

de Oliveira Roque, F., Uehara-Prado, M., Valente-Neto, F., Quintero, J. M. O.,
Ribeiro, K. T., Martins, M. B., ... & Ishida, F. Y. (2018). A network of
monitoring networks for evaluating biodiversity conservation effectiveness in
Brazilian protected areas. Perspectives in ecology and conservation, 16(4),
177-185.

DeFries, R. S., Foley, J. A., & Asner, G. P. (2004). Land-use choices: Balancing
human needs and ecosystem function. Frontiers in Ecology and the
Environment, 2(5), 249-257.

Demirbas-Caglayan, S., & Bilgin, C.C. (2018, July). The Dilemma of Species
Protection in Action. In EEBST 2018- 5th Ecology and Evolutionary Biology

Symposium, Izmir.

241



Di Castri, F. (1981). Mediterranean-type Shrublands. In: F., di Castri, D. W., Goodall,
& R. L. Specht, (Ed), Ecosystems of the World. (pp. 1-52). Elsevier,

Amsterdam.

Diaz, S., Pascual, U., Stenseke, M., Martin-Lopez, B., Watson, R. T., Molnar, Z., ...
& Polasky, S. (2018). Assessing nature's contributions to people. Science,
359(6373), 270-272.

Dixon, K. M., Cary, G. J., Worboys, G. L., Banks, S. C., & Gibbons, P. (2019).
Features associated with effective biodiversity monitoring and evaluation.
Biological Conservation, 238, 108221.

Donaldson, M. R., Burnett, N. J., Braun, D. C., Suski, C. D., Hinch, S. G., Cooke, S.
J., & Kerr, J. T. (2016). Taxonomic bias and international biodiversity

conservation research. Facets, 1, 105-113.

Doran, G. T. (1981). There's a S.M.A.R.T. way to write management's goals and
objectives. Management Review, 70 (11): 35-36.

Dufour-Dror, J. M., & Ertas, A. (2004). Bioclimatic perspectives in the distribution of
Quercus ithaburensis Decne. subspecies in Turkey and in the Levant. Journal
of Biogeography, 31(3), 461-474.

Dulloo, M. E., Hunter, D., & Borelli, T. (2010). Ex situ and in situ conservation of
agricultural biodiversity: Major advances and research needs. Notulae

Botanicae Horti Agrobotanici Cluj-Napoca, 38, 123-135.

Duncan, C., Thompson, J. R., & Pettorelli, N. (2015). The quest for a mechanistic
understanding of biodiversity—ecosystem services relationships. Proceedings
of the Royal Society B: Biological Sciences, 282(1817), 20151348.

Duro, D. C., Coops, N. C., Wulder, M. A., & Han, T. (2007). Development of a large
area biodiversity monitoring system driven by remote sensing. Progress in
Physical Geography, 31(3), 235-260.

242



Edie, S. M., Huang, S., Collins, K. S., Roy, K., & Jablonski, D. (2018). Loss of
biodiversity dimensions through shifting climates and ancient mass

extinctions. Integrative and Comparative Biology, 58(6), 1179-1190.

Eken, G., Isfendiyaroglu, S., Yeniyurt, C., Erkol, I. L., Karatas, A., & Ataol, M.
(2016). Identifying key biodiversity areas in Turkey: a multi-taxon approach.
International Journal of Biodiversity Science, Ecosystem Services &
Management, 12(3), 181-190.

Ekim, T., & Giir, M. K. (2017). Ali¢ Agacinin golgesinde Anadolu Bozkirlari. Tirkiye
Is Bankas1 Kiiltiir Yayinlari, Istanbul,

Ekim, T., Koyuncu, M., Vural, M., Duman, H., Aytag, Z., & Adigiizel, N. (2000).
Tiirkiye Bitkileri Kirmizi Kitabt (Red Data Book of Turkish Plants). Tiirkiye

Tabiatin1 Koruma Dernegi, Ankara.

Emberger, L. (1955). Une classification biogéographique des climats. Rev. Trav. Lab.
Bot. Fac. Sci. Montpellier, 7, 3-43.

Engler, R., Waser, L. T., Zimmermann, N. E., Schaub, M., Berdos, S., Ginzler, C., &
Psomas, A. (2013). Combining ensemble modeling and remote sensing for
mapping individual tree species at high spatial resolution. Forest Ecology and
Management, 310, 64-73.

Esbah, H., Deniz, B., Kara, B., & Kesgin, B. (2010). Analyzing landscape changes in
the Bafa Lake Nature Park of Turkey using remote sensing and landscape
structure metrics. Environmental Monitoring and Assessment, 165(1-4), 617-
632.

Evrendilek, F., & Doygun, H. (2000). Assessing major ecosystem types and the
challenge of sustainability in Turkey. Environmental Management, 26(5), 479-
489.

243



Eyre, T. J., Fisher, A, Hunt, L. P., & Kutt, A. S. (2011). Measure it to better manage
it: a biodiversity monitoring framework for the Australian rangelands. The
Rangeland Journal, 33(3), 239-253.

FAOQ. (2015). Coping with climate change—The roles of genetic resources for food
and agriculture. Food and Agriculture Organisation of the United Nations,

Rome, Italy.

FAOQ. (2018). Biodiversity of Turkey Contribution of Genetic Resources to Sustainable
Agriculture and Food Systems. Food and Agriculture Organisation of the
United Nations, Ankara.

FAO and Plan Bleu. (2018). State of Mediterranean Forests 2018. Food and
Agriculture Organization of the United Nations, Rome and Plan Bleu,

Marseille.

Farina, A., James, P., Bobryk, C., Pieretti, N., Lattanzi, E., & McWilliam, J. (2014).
Low cost (audio) recording (LCR) for advancing soundscape ecology towards
the conservation of sonic complexity and biodiversity in natural and urban

landscapes. Urban ecosystems, 17(4), 923-944.

Fassnacht, F. E., Latifi, H., Sterenczak, K., Modzelewska, A., Lefsky, M., Waser, L.
T., ... & Ghosh, A. (2016). Review of studies on tree species classification from
remotely sensed data. Remote Sensing of Environment, 186, 64-87.

Fava, F., Pulighe, G., & Monteiro, A. T. (2016). Mapping changes in land cover
composition and pattern for comparing mediterranean rangeland restoration
alternatives. Land Degradation & Development, 27(3), 671-681.

Fedor, P., Vanhara, J., Havel, J., Malenovsky, 1., & Spellerberg, 1. (2009). Artificial
intelligence in pest insect monitoring. Systematic Entomology, 34(2), 398-400.

Fernandez, M., Navarro, L. M., Apaza-Quevedo, A., Gallegos, S. C., Marques, A.,
Zambrana-Torrelio, C., ... & Alvear, M. (2015). Challenges and opportunities

244



for the Bolivian biodiversity observation network. Biodiversity, 16(2-3), 86-
98.

Ferrier, S., Jetz, W., & Scharlemann, J. (2017). Biodiversity Modelling as Part of an
Observation System. In R.J. Scholes & M. Walters (Eds.), The GEO Handbook
on Biodiversity Observation Networks (pp. 239-257). Springer Nature.

Foley, J. A., DeFries, R., Asner, G. P., Barford, C., Bonan, G., Carpenter, S.R., ... &
Helkowski, J. H. (2005). Global consequences of land use. Science, 309(5734),
570-574.

FOREST EUROPE. (2015). State of Europe’s Forests. Madrid, Spain. Retrieved
August, 27, 2020, from https://www.foresteurope.org/docs/fullsoef2015.pdf

Foster, G. N. (2015). Taking the oldest insect recording scheme into the 21st Century.
Biological Journal of the Linnean Society, 115: 494-504.

Franco, A. M. A., Palmeirim, J. M., & Sutherland, W. J. (2007). A method for
comparing effectiveness of research techniques in conservation and applied
ecology. Biological Conservation, 134(1), 96-105.

Fuller, RA., McGowan, P, Carroll JP, Dekker, RWRJ, Garson PJ (2003). What does
IUCN species action planning contribute to the conservation process.
Biological Conservetion, 11, 343—349

Gabarron-Galeote, M. A., Martinez-Murillo, J. F., Quesada, M. A., & Ruiz-Sinoga, J.
D. (2013). Seasonal changes of the soil hydrological and erosive response in
contrasted Mediterranean eco-geomorphological conditions at patch scale.
Solid Earth Discussions, 5(2).

Gallaun, H., Zanchi, G., Nabuurs, G. J., Hengeveld, G., Schardt, M., & Verkerk, P. J.
(2010). EU-wide maps of growing stock and above-ground biomass in forests
based on remote sensing and field measurements. Forest Ecology and
Management, 260(3), 252-261.

245



Garcia, M. L., & Caselles, V. (1991). Mapping burns and natural reforestation using
Thematic Mapper data. Geocarto International, 6(1), 31-37.

Garcia-Orenes, F., Roldan, A., Mataix-Solera, J., Cerda, A., Campoy, M., Arcenegui,
V., & Caravaca, F. (2012). Soil structural stability and erosion rates influenced
by agricultural management practices in a semi-arid Mediterranean agro-

ecosystem. Soil Use and Management, 28(4), 571-579.

Gardner, T. A., Barlow, J., Araujo, L. S., Avila-Pires, T. C., Bonaldo, A. B., Costa, J.
E., ... & Hoogmoed, M. S. (2008). The cost-effectiveness of biodiversity
surveys in tropical forests. Ecology letters, 11(2), 139-150.

Garnett, S. T. & Christidis, L. (2017). Taxonomy anarchy hampers conservation.
Nature, 546: 25-27.

Gaston, K., May, R. (1992). Taxonomy of taxonomists. Nature, 356, 281-282.

Girtner, P., Forster, M., & Kleinschmit, B. (2016). The benefit of synthetically
generated RapidEye and Landsat 8 data fusion time series for riparian forest

disturbance monitoring. Remote Sensing of Environment, 177, 237-247.

GDNCNP (General Directorate of Nature Conservation and National Parks). (2020).
Korunan Alan ve Tabiati Koruma Faaliyetleri. Retrieved June 4, 2020, from
https://www.tarimorman.gov.tr/DKMP/Menu/36/Korunan-Alan-Ve-Tabiati-
Koruma-Faaliyetleri-Istatistik-Raporlari

GEOBON. (2013). EBV table. Retrieved May 4, 2017, from
http://www.earthobservations.org/documents/cop/bi_geobon/ebvs/201303_eb
v_table.pdf

GEOBON. (2017). GEO BON Implementation Plan 2017-2020. Version 1.3. Group
on Earth Observations Biodiversity Observation Network Secretariat. Leipzig.

GBIF (Global Biodiversity Information Facility). (2020). Turkey statistics. Retrieved
May 25, 2020, from https://www.gbif.org/country/TR/summary

246


http://www.earthobservations.org/documents/cop/bi_geobon/ebvs/201303_ebv_table.pdf
http://www.earthobservations.org/documents/cop/bi_geobon/ebvs/201303_ebv_table.pdf

GDF (General Directorate of Forestry). (2013). Tiirkiye Ormanlarinin Saglik Durumu.

Orman ve Su Isleri Bakanlig1, Orman Genel Miidiirliigii, Ankara.

GDF (General Directorate of Forestry). (2018). Siirdiiriilebilir Orman Yénetimi Kriter
ve Gostergeleri Ulusal Setin Revizyonu Calismalari Raporu. Orman ve Su

Isleri Bakanlig1, Orman Genel Miidiirliigii, Ankara.

GDF (General Directorate of Forestry). (2019). Orman haritas: e-harita sistemi.
Retrieved September 30, 2019, from http://www.ogm.gov.tr/sayfalar

/ormanharitasi.aspx

GDF (General Directorate of Forestry). (2020). 1839°dan Bugiine Tarihsel Geligim.
Retrieved July 8, 2020, from https://www.ogm.gov.tr/Documents

/Kurulusumuz/GenelBilgiler/1839danBuguneTarihsel Gelisim.pdf

Geijzendorffer, 1. R., & Roche, P. K. (2013). Can biodiversity monitoring schemes
provide indicators for ecosystem services?. Ecological Indicators, 33, 148-
157.

Geijzendorffer, I. R., Targetti, S., Schneider, M. K., Brus, D. J., Jeanneret, P.,
Jongman, R. H., ... & Bailey, D. (2016a). How much would it cost to monitor

farmland biodiversity in Europe?. Journal of Applied Ecology, 53(1), 140-149.

Geijzendorffer, I. R., Regan, E. C., Pereira, H. M., Brotons, L., Brummitt, N., Gavish,
Y., ... & Schmeller, D. S. (2016b). Bridging the gap between biodiversity data
and policy reporting needs: An Essential Biodiversity Variables perspective.
Journal of Applied Ecology, 53(5), 1341-1350.

Geller, G. N., Halpin, P. N., Helmuth, B., Hestir, E. L., Skidmore, A., Abrams, M. J.,
... & Dawson, T. (2017). Remote sensing for biodiversity. In Scholes, R.J. &
Waters, M (Eds.) The GEO handbook on biodiversity observation networks
(pp. 187-210). Springer, Nature.

Genuer, R., Poggi, J. M., & Tuleau-Malot, C. (2010). Variable selection using random
forests. Pattern recognition letters, 31(14), 2225-2236.

247


http://www.ogm.gov.tr/sayfalar%20/ormanharitasi.aspx
http://www.ogm.gov.tr/sayfalar%20/ormanharitasi.aspx
https://www.ogm.gov.tr/Documents%20/Kurulusumuz
https://www.ogm.gov.tr/Documents%20/Kurulusumuz

Gislason, P. O., Benediktsson, J. A., & Sveinsson, J. R. (2006). Random forests for

land cover classification. Pattern Recognition Letters, 27(4), 294-300.

Goberna, M., Pascual, J. A., Garcia, C., & Sanchez, J. (2007). Do plant clumps
constitute microbial hotspots in semiarid Mediterranean patchy landscapes?.
Soil Biology and Biochemistry, 39(5), 1047-1054.

Gorelick, N., Hancher, M., Dixon, M., llyushchenko, S., Thau, D., & Moore, R.
(2017). Google Earth Engine: Planetary-scale geospatial analysis for everyone.

Remote sensing of Environment, 202, 18-27.

Gowdy, J., & Erickson, J. D. (2005). The approach of ecological economics.
Cambridge Journal of economics, 29(2), 207-222.

Grabska, E., Hostert, P., Pflugmacher, D., & Ostapowicz, K. (2019). Forest stand
species mapping using the Sentinel-2 time series. Remote Sensing, 11(10),
1197.

Gregorutti, B., Michel, B., & Saint-Pierre, P. (2017). Correlation and variable
importance in random forests. Statistics and Computing, 27(3), 659-678.

Grignetti, A., Salvatori, R., Casacchia, R., & Manes, F. (1997). Mediterranean
vegetation analysis by multi-temporal satellite sensor data. International
Journal of Remote Sensing, 18(6), 1307-1318.

Groot, A., Cortini, F., & Wulder, M. A. (2015). Crown-fibre attribute relationships for
enhanced forest inventory: Progress and prospects. The Forestry Chronicle,
91(3), 266-279.

Giiner, A., Aslan, S., Ekim, T., Vural, M., Babag, M. T., & Yildirim, H. (2012). Turkey
plant list (vascular plants). Nezahat Gokyigit Botanical Garden and Flora

Research Association Publication, Istanbul.

248



Hansen, M. C., Potapov, P. V., Moore, R., Hancher, M., Turubanova, S. A.,
Tyukavina, A., ... & Kommareddy, A. (2013). High-resolution global maps of
21st-century forest cover change. Science, 342(6160), 850-853.

Hardisty, A. R., Michener, W. K., Agosti, D., Garcia, E. A., Bastin, L., Belbin, L., ...
& De Giovanni, R. (2019). The Bari Manifesto: An interoperability framework

for essential biodiversity variables. Ecological informatics, 49, 22-31.

Hellawell, J. M. (1991). Development of a rationale for Monitoring. In F. B.
Goldsmith (Eds.), Monitoring for conservation and ecology. (pp. 1-14.),

Springer Science & Business Media.

Henle, K., Bauch, B., Auliya, M., Kiilvik, M., Pe‘er, G., Schmeller, D. S., & Framstad,
E. (2013). Priorities for biodiversity monitoring in Europe: A review of
supranational policies and a novel scheme for integrative prioritization.

Ecological Indicators, 33, 5-18.

Henry, P. Y., Lengyel, S., Nowicki, P., Julliard, R., Clobert, J., Celik, T., ... & Henle,
K. (2008). Integrating ongoing biodiversity monitoring: potential benefits and
methods. Biodiversity and conservation, 17(14), 3357-3382.

Hodgson, J. C., Mott, R., Baylis, S. M., Pham, T. T., Wotherspoon, S., Kilpatrick, A.
D., ... & Koh, L. P. (2018). Drones count wildlife more accurately and
precisely than humans. Methods in Ecology and Evolution, 9(5), 1160-1167.

Hoffmann, S., Steiner, L., Schweiger, A. H., Chiarucci, A., & Beierkuhnlein, C.
(2019). Optimizing sampling effort and information content of biodiversity

surveys: a case study of alpine grassland. Ecological Informatics, 51, 112-120.

Horns, J.J., Adler, F.R., Sekercioglu, C.H. (2018). Using opportunistic citizen science
data to estimate avian population trends. Biological Conservation, 221, 151-
159.

Huete, A. (1988). Huete, AR A soil-adjusted vegetation index (SAVI). Remote

Sensing of Environment. Remote sensing of environment, 25, 295-309.

249



Immitzer, M., Vuolo, F., & Atzberger, C. (2016). First experience with Sentinel-2 data
for crop and tree species classifications in central Europe. Remote Sensing,
8(3), 166.

IPBES. (2019). Summary for policymakers of the global assessment report on
biodiversity and ecosystem services of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services. Retrieved July 5, 2020,

from https://ipbes.net/global-assessment

Isaac, N. J., Mallet, J., & Mace, G. M. (2004). Taxonomic inflation: its influence on
macroecology and conservation. Trends in ecology & evolution, 19(9), 464-
469.

IUCN (2016). Conservation Strategy and Action Plan for the Great Bustard (Otis
tarda) in Morocco 2016-2025. Malaga, Spain.

IUCN (2018). The IUCN Red List of Threatened Species. Retrieved October, 17, 2018

from https://www.iucnredlist.org.

Jiang, Z., Huete, A. R., Didan, K., & Miura, T. (2008). Development of a two-band
enhanced vegetation index without a blue band. Remote sensing of
Environment, 112(10), 3833-3845.

Jin, H., Stehman, S. V., & Mountrakis, G. (2014). Assessing the impact of training
sample selection on accuracy of an urban classification: a case study in Denver,

Colorado. International journal of remote sensing, 35(6), 2067-2081.

Jongman, R. H. G. (2013). Biodiversity observation from local to global. Ecological
Indicators, 33, 1-4.

Joseph, L. N., Maloney, R. F., & Possingham, H. P. (2009). Optimal allocation of
resources among threatened species: a project prioritization protocol.
Conservation biology, 23(2), 328-338

250



Kahraman, A., Onder, M., & Ceyhan, E. (2012). The importance of bioconservation
and biodiversity in Turkey. International Journal of Bioscience, Biochemistry
and Bioinformatics, 2(2), 95.

Kadmon, R., Farber, O., & Danin, A. (2004). Effect of roadside bias on the accuracy
of predictive maps produced by bioclimatic models. Ecological Applications,
14(2), 401-413.

Kadmon, R., & Harari-Kremer, R. (1999). Landscape-scale regeneration dynamics of
disturbed Mediterranean maquis. Journal of Vegetation Science, 10(3), 393-
402.

Kampouri, M., Kolokoussis, P., Argialas, D., & Karathanassi, V. (2019). Mapping of
forest tree distribution and estimation of forest biodiversity using Sentinel-2
imagery in the University Research Forest Taxiarchis in Chalkidiki, Greece.
Geocarto International, 34(12), 1273-1285.

Karger, D. N., Conrad, O., Bohner, J., Kawohl, T., Kreft, H., Soria-Auza, R. W., ... &
Kessler, M. (2017). Climatologies at high resolution for the earth’s land

surface areas. Scientific data, 4, 170122.

Kasten, E. P., Gage, S. H., Fox, J., & Joo, W. (2012). The remote environmental
assessment laboratory's acoustic library: An archive for studying soundscape

ecology. Ecological Informatics, 12, 50-67.

Kelling, S. (2018). Technology Developments for Biodiversity Monitoring and

Conservation. Biodiversity Information Science and Standards, 2, e25833.

Kesmez, D., Karabiyik, E., & Argun, G. (2016). U¢arsa Toy, Kacarsa Ceyandir,

Tansu Giirpinar. Kalkinma Atodlyesi, Ankara.

Kissling, W. D., Walls, R., Bowser, A., Jones, M. O., Kattge, J., Agosti, D., ... &
Denny, E. G. (2018a). Towards global data products of Essential Biodiversity
Variables on species traits. Nature ecology & evolution, 2(10), 1531-1540.

251



Kissling, W. D., Ahumada, J. A., Bowser, A., Fernandez, M., Fernandez, N., Garcia,
E. A, ... & McRag, L. (2018b). Building essential biodiversity variables (EBV
s) of species distribution and abundance at a global scale. Biological reviews,
93(1), 600-625.

Kiziroglu, 1., (2008). Tiirkive Kuslar: Kirmizi Listesi — Red Data Book for Birds of
Turkey. Desen Matbaasi, Ankara.

Klein, D. J., McKown, M. W., & Tershy, B. R. (2015, September). Deep learning for
large scale biodiversity monitoring. In Proceedings of the Bloomberg Data for
Good Exchange Conference, New York.

Koh, L. P., & Wich, S. A. (2012). Dawn of drone ecology: low-cost autonomous aerial
vehicles for conservation. Tropical conservation science, 5(2), 121-132.

Kohavi, R., & John, G. H. (1997). Wrappers for feature subset selection. Artificial
intelligence, 97(1-2), 273-324.

Kopf, A., Bicak, M., Kottmann, R., Schnetzer, J., Kostadinov, I., Lehmann, K., ... &
Wichels, A. (2015). The ocean sampling day consortium. Gigascience, 4(1),
§13742-015.

Koutsias, N., & Karteris, M. (2003). Classification analyses of vegetation for
delineating forest fire fuel complexes in a Mediterranean test site using satellite
remote sensing and GIS. International Journal of Remote Sensing, 24(15),
3093-3104.

Kovacs, A., & Williams, N. P. (2012). Guidelines for Preparing National or Regional
Raptor Conservation and Management Strategies. CMS Technical Series.
Abu-Dhabi, UAE.

Kuhn, M. (2008). Building predictive models in R using the caret package. Journal of
statistical software, 28(5), 1-26.

252



Kuru, M. (2004). Tiirkiye I¢su Baliklarinin Son Sistematik Durumu. Gazi Egitim
Fakiiltesi Dergisi, 24(3): 1-21.

Laamanen, R., & Kangas, A. (2011). Large-scale forest owner’s information needs in
operational planning of timber harvesting—some practical views in

Metsihallitus, Finnish state-owned enterprise. Silva Fennica, 45(4), 711-727.

Lamba, M., Aktel, M., Altan, Y., & Kerman, U. (2014). Tirkiye'de Bakanlik Tipi
Orgiitlenme: Tarihsel ve Yasal Siire¢. Journal of Management & Economics,
21(1).

Lambeck, R.J. (1997). Focal species: a multi-species umbrella for nature conservation.
Conservation Biology, 11, 849-856.

Lary, D. J., Alavi, A. H., Gandomi, A. H., & Walker, A. L. (2016). Machine learning

in geosciences and remote sensing. Geoscience Frontiers, 7(1), 3-10.

Laurin, V.G., Avezzano, R., Bacciu, V., Frate, F. D., Papale, D., & Virelli, M. (2018).
COSMO-SkyMed potential to detect and monitor Mediterranean maquis fires
and regrowth: a pilot study in Capo Figari, Sardinia, Italy. iForest-
Biogeosciences and Forestry, 11(3), 389.

Lausch, A., Bannehr, L., Beckmann, M., Boehm, C., Feilhauer, H., Hacker, J. M., ...
& Pause, M. (2016). Linking Earth Observation and taxonomic, structural and
functional biodiversity: Local to ecosystem perspectives. Ecological
Indicators, 70, 317-339.

Law, C. L., Roe, P., & Zhang, J. (2012, November). Using mobile technology and
augmented reality to increase data reliability for environmental assessment.
Proceedings of the 24th Australian Computer-Human Interaction Conference
(pp. 327-330), Melbourne.

Lengyel, S., Kosztyi, B., Schmeller, D. S., Henry, P. Y., Kotarac, M., Lin, Y. P., &

Henle, K. (2018). Evaluating and benchmarking biodiversity monitoring:

253



Metadata-based indicators for sampling design, sampling effort and data

analysis. Ecological Indicators, 85, 624-633.

Liaw, A., & Wiener, M. (2002). Classification and regression by randomForest. R
news, 2(3), 18-22.

Lima, T. A, Beuchle, R., Langner, A., Grecchi, R. C., Griess, V. C., & Achard, F.
(2019). Comparing Sentinel-2 MSI and Landsat 8 OLI imagery for monitoring
selective logging in the Brazilian Amazon. Remote Sensing, 11(8), 961.

Lindenmayer, D. B., Margules, C. R., & Botkin, D. B. (2000). Indicators of
biodiversity for ecologically sustainable forest management. Conservation
biology, 14(4), 941-950.

Lindenmayer, D. B., & Likens, G. E. (2010). The science and application of ecological
monitoring. Biological conservation, 143(6), 1317-1328.

Lindenmayer, D. B., Likens, G. E., Andersen, A., Bowman, D., Bull, C. M., Burns,
E., ... & Lowe, A. J. (2012). Value of long-term ecological studies. Austral
Ecology, 37(7), 745-757.

Likens, G., & Lindenmayer, D. (2018). Effective ecological monitoring. CSIRO
publishing.

Loveland, T. R., Reed, B. C., Brown, J. F., Ohlen, D. O., Zhu, Z., Yang, L. W. M. J.,
& Merchant, J. W. (2000). Development of a global land cover characteristics
database and IGBP DISCover from 1 km AVHRR data. International Journal
of Remote Sensing, 21(6-7), 1303-1330.

MacDicken, K. G., Sola, P., Hall, J. E., Sabogal, C., Tadoum, M., & de Wasseige, C.
(2015). Global progress toward sustainable forest management. Forest

Ecology and Management, 352, 47-56.

Mace, G. M., Norris, K., & Fitter, A. H. (2012). Biodiversity and ecosystem services:
A multilayered relationship. Trends in Ecology & Evolution, 27, 19-26"

254



Maes, J., Liquete, C., Teller, A., Erhard, M., Paracchini, M. L., Barredo, J. I., ... &
Meiner, A. (2016). An indicator framework for assessing ecosystem services
in support of the EU Biodiversity Strategy to 2020. Ecosystem Services, 17,
14-23.

MAF (Ministry of Agriculture and Forestry). (2020). Tabiat: Koruma Durum Raporu,
2017-2018. Retrieved June 25, 2020, from https://www.tarimorman.
gov.tr/DKMP /Menu/36/Tabiati-Koruma-Durum-Raporlari.

Mahdianpari, M., Brisco, B., Granger, J. E., Mohammadimanesh, F., Salehi, B.,
Banks, S., ... & Weng, Q. (2020). The Second Generation Canadian Wetland
Inventory Map at 10 Meters Resolution Using Google Earth Engine. Canadian
Journal of Remote Sensing, 1-16.

Manevski, K., Manakos, I., Petropoulos, G. P., & Kalaitzidis, C. (2011).
Discrimination of common Mediterranean plant species using field
spectroradiometry. International Journal of Applied Earth Observation and
Geoinformation, 13(6), 922-933.

Manevski, K., Manakos, I., Petropoulos, G. P., & Kalaitzidis, C. (2012). Spectral
discrimination of Mediterranean Maquis and Phrygana vegetation: Results
from a case study in Greece. IEEE Journal of selected topics in applied Earth

observations and remote sensing, 5(2), 604-616.

Martin, L. J., Blossey, B., & Ellis, E. (2012). Mapping where ecologists work: Biases
in the global distribution of terrestrial ecological observations. Frontiers in
Ecology and the Environment, 10, 195-201.

Maselli, F., Rodolfi, A., Bottai, L., Romanelli, S., & Conese, C. (2000). Classification
of Mediterranean vegetation by TM and ancillary data for the evaluation of fire
risk. International Journal of Remote Sensing, 21(17), 3303-3313.

255


https://www.tarimorman/

Mauser W. (2006) Global Change Research in the Anthropocene: Introductory
Remarks. In Ehlers, E., Krafft, T. (Eds.), Earth System Science in the
Anthropocene. (pp. 3-4). Springer, Berlin, Heidelberg.

McGill, B. J., Dornelas, M., Gotelli, N. J., & Magurran, A. E. (2015). Fifteen forms
of biodiversity trend in the Anthropocene. Trends in ecology & evolution,
30(2), 104-113.

McGowan, P., Dekker, R. W. R. J., Dowell, S., & Garson, P. (1998). The making of
conservation Action Plans for the Galliformes. Bird Conservation
International, 8(2), 173-184.

McKenzie, E., Posner, S., Tillman, P., Bernhardt, J.R., Howard, K., Rosenthal, A.
(2014). Understanding the use of ecosystem service knowledge in decison-
making: lessons from international experiences of spatial planning.

Environment and Planning C: Government and Policy. 32, pp. 320-340.
McKibben, B. (1989). The end of nature. Random House, New York.

MEA (Millennium Ecosystem Assessment). (2005). Ecosystems and human well-
being: Synthesis. Washington, DC: Island Press. Retrieved May 1, 2018, from

http://www.millenniumassessment.org/documents/document.356.aspx.pdf

Médail, F., & Diadema, K. (2009). Glacial refugia influence plant diversity patterns
in the Mediterranean Basin. Journal of biogeography, 36(7), 1333-1345.

Meyer, L. H., Heurich, M., Beudert, B., Premier, J., & Pflugmacher, D. (2019).
Comparison of Landsat-8 and Sentinel-2 data for estimation of leaf area index

in temperate forests. Remote Sensing, 11(10), 1160.

Michel A., Seidling W., Lorenz M., and Becher G. (2018). Forest Condition in
Europe: 2018 technical report of ICP forests. Report under the UNECE
convention on long-range transboundary air pollution. BFW-Dokumentation
25/2018. Vienna: BFW Autrian Research Centre for Forests.

256



Miura, S., Amacher, M., Hofer, T., San-Miguel-Ayanz, J., and Thackway, R. (2015).
Protective functions and ecosystem services of global forests in the past

quarter-century. Forest Ecology and Management, 352, 35-46.

Mollenhauer, H., Kasner, M., Haase, P., Peterseil, J., Wohner, C., Frenzel, M., ... &
Zacharias, S. (2018). Long-term environmental monitoring infrastructures in
Europe: observations, measurements, scales, and socio-ecological

representativeness. Science of the total environment, 624, 968-978.

Moran-Ordoéiiez, A., Canessa, S., Bota, G., Brotons, L., Herrando, S., & Hermoso, V.
(2018). Efficiency of species survey networks can be improved by integrating
different monitoring approaches in a spatial prioritization design.
Conservation Letters, 11(6), e12591.

Morin, X., Augspurger, C., & Chuine, 1. (2007). Process-based modeling of species’

distributions: What limits temperate tree species’ range boundaries?. Ecology

88, 2280-2291.

Mulligan, M. (2015). Trading off agriculture with nature’s other benefits. In C. A.
Zolin, R. de A. R. Rodrigues (Eds.), Impact of climate change on water
resources in agriculture (pp. 184-204). Boca Raton, FL, USA: CRC Press.

Nagy , S . (2009 ) International single species action plan for the Western Palearctic
population of Great Bustard, Otis tarda <http://ec.europa.eu/environment/
nature/conservation/wildbirds/action_plans/docs/otis_tarda.pdf > (accessed 22
May 2017).

NBDSAP. (2018). National Biodiversity Action Plan. Ministry of Agriculture and
Forestry, General Directorate of Nature Conservation and National Parks
Department of Nature Conservation. Ankara. Retrieved July 12, 2020, from

http://www.nuhungemisi.gov.tr/Content/Documents/ubep-ingilizce.pdf

257


http://ec.europa.eu/environment/%20nature/
http://ec.europa.eu/environment/%20nature/

NBDSAP. (1998). The National Strategy and Action Plan For Biodiversity in Turkey.
Ministry of Environment. Ankara. Retrieved July 12, 2020, from
https://www.cbd.int/doc/world/tr/tr-nr-01-en.pdf

NBDSAP. (2007). The National Biological Diversity Strategy and Action Plan.
Ministry of Environment and Forestry, General Directorate of Nature
Conservation and National Parks Department of Nature Conservation. Ankara
Retrieved July 12, 2020, from
https://cdntest.tarimorman.gov.tr/Api/api/File/GetGaleriFile/417/DosyaGaleri
1426/ubsep-ingilizce.pdf

Newbold, T., Hudson, L. N., Arnell, A. P., Contu, S., De Palma, A., Ferrier, S., ... &
Burton, V. J. (2016). Has land use pushed terrestrial biodiversity beyond the
planetary boundary? A global assessment. Science, 353(6296), 288-291.

Nichols, J. D., & Williams, B. K. (2006). Monitoring for conservation. Trends in
Ecology & Evolution, 21, 668-673.

Nielsen, S. E., Haughland, D. L., Bayne, E., & Schieck, J. (2009). Capacity of large-
scale, long-term biodiversity monitoring programmes to detect trends in

species prevalence. Biodiversity and Conservation, 18(11), 2961-2978.

Niemeijer, D., & de Groot, R. S. (2008). A conceptual framework for selecting
environmental indicator sets. Ecological indicators, 8(1), 14-25.

Nisbet, E. (2007). Cinderella science. Nature 450, 789-790.

Noroozi, J., Zare, G., Sherafati, M., Mahmoodi, M., Moser, D., Asgarpour, Z., &
Schneeweiss, G. M. (2019). Patterns of endemism in Turkey, the meeting point
of three global biodiversity hotspots, based on three diverse families of

vascular plants. Frontiers in Ecology and Evolution, 7, 159.

Noss, R. F. (1990). Indicators for monitoring biodiversity: a hierarchical approach.
Conservation biology, 4(4), 355-364.

258



Noss, R. F., & Cooperrider, A. (1994). Saving nature's legacy: protecting and

restoring biodiversity. Island Press.

O'Connor, B., Secades, C., Penner, J., Sonnenschein, R., Skidmore, A., Burgess, N.
D., & Hutton, J. M. (2015). Earth observation as a tool for tracking progress
towards the Aichi Biodiversity Targets. Remote sensing in ecology and
conservation, 1(1), 19-28.

OLI (Organization-led Initiative). (2016). Co-Chairs summary report of the
Organization-led Initiative on the development of global forest indicators to
support the implementation of the 2030 Agenda on Sustainable Development
and the IAF Strategic Plan. Retrieved December 12, 2019, from
http://www.cpfweb.org/45546-0f603660484e930da371288c867df9074.pdf

Olson, D. M., Dinerstein, E., Wikramanayake, E. D., Burgess, N. D., Powell, G. V.
N., Underwood, E. C., ...& Kassem, K. R. (2001). Terrestrial ecoregions of
the world: a new map of life on Earth. Bioscience, 51(11):933-938.

Olsvig-Whittaker, L., Frankenberg, E., Magal, Y., Shkedy, Y., Luck-Vogel, M.,
Walczak, M., Jobse, D., de Gelder, A., and Blank, L. (2010). D 9.1 Report on
field tests of LTER and habitat monitoring. Technical report, EBONE project,
Document Ref.: EBONE-D9.1-2.0.

Ozalp, G., 2000. Sert yaprakli ormanlar ve maki. Istanbul Universitesi Orman

Fakiiltesi Dergisi. 50, 131-156.

Ozhatay N, Byfield A, & Atay, S. (2003). Tiirkiye nin Onemli Bitki Alanlari. WWF-
Tiirkiye Dogal Hayat:1 Koruma Vakfi, Istanbul.

Oztiirk, M. A. (1995). Recovery and Rehabilitation of Mediterranean Type
Ecosystem: A Case Study from Turkish Maquis. In: Rapport D.J., Gaudet C.L.,
Calow P. (Eds), Evaluating and Monitoring the Health of Large-Scale
Ecosystems. NATO ASI Series (Series I: Global Environmental Change), vol
28(pp 319-331). Springer, Berlin, Heidelberg.

259


http://www.cpfweb.org/45546-0f603660484e930da371288c867df9074.pdf

Palahi, M., Mavsar, R., Gracia, C., & Birot, Y. (2008). Mediterranean forests under

focus. International forestry review, 10(4), 676-688.

Pausas, J. G. (1999). Mediterranean vegetation dynamics: modelling problems and
functional types. Plant Ecology, 140(1), 27-39.

Pawar, S. (2003). Taxonomic chauvinism and the methodologically challenged.
Bioscience, 53, 861-864.

Peerbhay, K. Y., Mutanga, O., & Ismail, R. (2013). Investigating the capability of few
strategically placed Worldview-2 multispectral bands to discriminate forest
species in KwaZulu-Natal, South Africa. IEEE Journal of Selected Topics in
Applied Earth Observations and Remote Sensing, 7(1), 307-316.

Pefiuelas, J., Gracia, C., Alistair Jump, LF., Carnicer, J., Coll, M., Lloret, F., ...&
Ogaya, R. (2010). Introducing the climate change effects on Mediterranean
forest ecosystems: observation, experimentation, simulation, and

management. Forét méditerranéenne. 31(4): 357-362.

Pereira, H. M., & Cooper, H. D. (2006). Towards the global monitoring of biodiversity
change. Trends in Ecology & Evolution, 21(3), 123-129.

Pereira, H. M., Navarro, L. M., & Martins, I. S. (2012). Global biodiversity change:
the bad, the good, and the unknown. Annual Review of Environment and

Resources, 37.

Pereira, H. M., Ferrier, S., Walters, M., Geller, G. N., Jongman, R. H. G., Scholes, R.
J.,, ... & Coops, N. C. (2013). Essential biodiversity variables. Science,
339(6117), 277-278.

Pereira, H. M., Belnap, J., Bohm, M. Brummitt, N., ...& van Sway, C. (2017).
Monitoring Essential Biodiversity Variables at the Species Level. In R.J.
Scholes & M. Walters (Eds.), The GEO Handbook on Biodiversity
Observation Networks, (pp. 79-105), Springer Nature.

260



Persson, M., Lindberg, E., & Reese, H. (2018). Tree species classification with multi-
temporal Sentinel-2 data. Remote Sensing, 10(11), 1794.

Peterson, A. T., & Soberén, J. (2018). Essential biodiversity variables are not global.
Biodiversity and Conservation, 27(5), 1277-1288.

Pettorelli, N., Vik, J. O., Mysterud, A., Gaillard, J. M., Tucker, C. J., & Stenseth, N.
C. (2005). Using the satellite-derived NDVI to assess ecological responses to
environmental change. Trends in ecology & evolution, 20(9), 503-510.

Pettorelli, N., Schulte to Biithne, H., Tulloch, A., Dubois, G., Macinnis-Ng, C.,
Queirds, A. M., ... & Sonnenschein, R. (2018). Satellite remote sensing of
ecosystem functions: opportunities, challenges and way forward. Remote
Sensing in Ecology and Conservation, 4(2), 71-93.

Pocock, M. J., Newson, S. E., Henderson, 1. G., Peyton, J., Sutherland, W. J., Noble,
D. G., ... & Bullock, D. J. (2015). Developing and enhancing biodiversity
monitoring programmes: a collaborative assessment of priorities. Journal of
Applied Ecology, 52(3), 686-695.

Proenga, V., Martin, L. J., Pereira, H. M., Fernandez, M., McRae, L., Belnap, J., ... &
Honrado, J. P. (2017). Global biodiversity monitoring: from data sources to

essential biodiversity variables. Biological Conservation, 213, 256-263.

Pu, R.,, & Liu, D. (2011). Segmented canonical discriminant analysis of in situ
hyperspectral data for identifying 13 urban tree species. International Journal
of Remote Sensing, 32(8), 2207-2226.

R Core Team, 2017. R: A Language and Environment for Statistical Computing.
https://www.R-project.org/

Ramankutty, N., Graumlich, L., Achard, F., Alves, D., Chhabra, A., DeFries, R. S, ...
& Lambin, E. F. (2006). Global land-cover change: Recent progress,
remaining challenges. In E. F. Lambin, & H. Geist (Eds), Land-use and land-

cover change. (pp. 9-39). Springer, Berlin, Heidelberg.

261



Réasanen, A., Rusanen, A., Kuitunen, M., & Lensu, A. (2013). What makes
segmentation good? A case study in boreal forest habitat mapping.
International Journal of Remote Sensing, 34(23), 8603-8627.

Reyers, B., & Selig, E. R. (2020). Global targets that reveal the social-ecological
interdependencies of sustainable development. Nature Ecology & Evolution,
1-9.

Reyers, B., Stafford-Smith, M., Erb, K. H., Scholes, R. J., & Selomane, O. (2017).
Essential variables help to focus sustainable development goals monitoring.

Current Opinion in Environmental Sustainability, 26, 97-105.

Rice, J. C., & Rochet, M. J. (2005). A framework for selecting a suite of indicators for
fisheries management. ICES Journal of Marine Science, 62(3), 516-527.

Rist, L., & Moen, J. (2013). Sustainability in forest management and a new role for

resilience thinking. Forest Ecology and Management, 310, 416-427.

Roberts K.A. (1991.) Field monitoring: confessions of an addict. In B. Goldsmith
(Eds.) Monitoring for Conservation and Ecology. Conservation Biology (vol

3). Springer, Dordrecht.

Rodriguez-Galiano, V. F., Chica-Olmo, M., Abarca-Hernandez, F., Atkinson, P. M.,
& Jeganathan, C. (2012). Random Forest classification of Mediterranean land
cover using multi-seasonal imagery and multi-seasonal texture. Remote

Sensing of Environment, 121, 93-107.

Rouse Jr, J. W., Haas, R. H., Deering, D. W., Schell, J. A., & Harlan, J. C. (1974).
Monitoring vegetation systems in the Great Plains with ERTS. In Proceedings
of the Third Earth Resources Technology Satellite-1 Symposium (pp.
301-317). Greenbelt, MD: NASA.

Rundel, P. W., Arroyo, M. T., Cowling, R. M., Keeley, J. E., Lamont, B. B., & Vargas,
P. (2016). Mediterranean biomes: evolution of their vegetation, floras, and
climate. Annual Review of Ecology, Evolution, and Systematics, 47, 383-407.

262



Sande, E., Evans, S. Newbery, P. Buckley, P. Donald, P. and Hoffmann, D. (2005).
Action Plans for the conservation of globally threatened birds in Africa:
Species Action Plan Development Manual. BirdLife International, Nairobi,
Kenya and Royal Society for the Protection of Birds, Sandy, Bedfordshire
SG19 2DL, UK.

Santini, L., Belmaker, J., Costello, M. J., Pereira, H. M., Rossberg, A. G., Schipper,
A. M., ... & Huijbregts, M. A. (2017). Assessing the suitability of diversity

metrics to detect biodiversity change. Biological Conservation, 213, 341-350.

Scarascia-Mugnozza, G., Oswald, H., Piussi, P., & Radoglou, K. (2000). Forests of
the Mediterranean region: gaps in knowledge and research needs. Forest

Ecology and management, 132(1), 97-109.

Scheele, B. C., Legge, S., Blanchard, W., Garnett, S., Geyle, H., Gillespie, G., ... &
Woinarski, J. (2019). Continental-scale assessment reveals inadequate
monitoring for threatened vertebrates in a megadiverse country. Biological
Conservation, 235, 273-278.

Schmeller, D. S., Bohm, M., Arvanitidis, C., Barber-Meyer, S., Brummitt, N.,
Chandler, M., ... & Gill, M. (2017). Building capacity in biodiversity
monitoring at the global scale. Biodiversity and conservation, 26(12), 2765-
2790.

Schmeller, D. S., Henry, P. Y., Julliard, R., Gruber, B., Clobert, J., Dziock, F., ... &
Kull, T. (2009). Advantages of volunteer-based biodiversity monitoring in

Europe. Conservation biology, 23(2), 307-316.

Schmeller, D. S., Julliard, R., Bellingham, P. J., B6hm, M., Brummitt, N., Chiarucci,
A. ... & Gregory, R. D. (2015). Towards a global terrestrial species monitoring
program. Journal for Nature Conservation, 25, 51-57.

263



Schmidt, K. S., & Skidmore, A. K. (2003). Spectral discrimination of vegetation types

in a coastal wetland. Remote sensing of Environment, 85(1), 92-108.
Scholes, R., Biggs, R. (2005). A biodiversity intactness index. Nature, 434, 45-49.

Scholes, R. J., Mace, G. M., Turner, W., Geller, G. N., Jiirgens, N., Larigauderie, A.,
... & Mooney, H. A. (2008). Toward a global biodiversity observing system.
Science, 321(5892), 1044-1045.

Scholes, R. J., Walters, M., Turak, E., Saarenmaa, H., Heip, C. H., Tuama, E. O, ..
& Harrison, 1. J. (2012). Building a global observing system for biodiversity.
Current Opinion in Environmental Sustainability, 4(1), 139-146.

Scholes, R.J., Gill, M.J., Costello, M.J., Sarantakos, G., Walters, M. 2017. Working
in Networks to make Biodiversity Data More Available. In R. J. Scholes & M.
Walters (Eds.), The GEO Handbook on Biodiversity Observation Networks,
(pp. 1-17). Springer Nature.

Sgro, C., Lowe, A. J., & Hoffmann, A. A. (2011). Building evolutionary resilience for
conserving biodiversity under climate change. Evolutionary Aspplications, 4,
326-337.

Shine, R., & Bonnet, X. (2000). Snakes: a new ‘model organism’in ecological
research?. Trends in Ecology & Evolution, 15(6), 221-222.

Silvertown, J., Buesching, C. D., Jacobson, S., Rebello, T., & Birtles, A. (2013).
Citizen science and nature conservation. Key Topics in Conservation Biology,
2,127-142.

Siry, J. P., Cubbage, F. W., & Ahmed, M. R. (2005). Sustainable forest management:
global trends and opportunities. Forest policy and Economics, 7(4), 551-561.

Skidmore, A. K., & Pettorelli, N. (2015). Agree on biodiversity metrics to track from
space: Ecologists and space agencies must forge a global monitoring strategy.
Nature, 523(7561), 403-406.

264



Sluiter, R., & De Jong, S. M. (2005, May). Using ancillary data to improve
classification of degraded mediterranean vegetation with HyMap
spectroscopic images. In Proceedings of the 24th Symposium of the European
Association of Remote Sensing Laboratories. Dubrovnik, Croatia, (pp. 219-
226).

Sluiter, R., & De Jong, S. M., (2007). Spatial patterns of Mediterranean land
abandonment and related land cover transitions. Landscape Ecology, 22, 559—
576.

Spellerberg, I. F. (2005). Monitoring ecological change. Cambridge University Press.

Stephens, P. A., Mason, L. R., Green, R. E., Gregory, R. D., Sauer, J. R., Alison, J.,
... & Chodkiewicz, T. (2016). Consistent response of bird populations to

climate change on two continents. Science, 352(6281), 84-87.

Stephenson, P. J., Bowles-Newark, N., Regan, E., Stanwell-Smith, D., Diagana, M.,
Hoft, R., ... & Banki, O. (2017). Unblocking the flow of biodiversity data for

decision-making in Africa. Biological Conservation, 213, 335-340.

Stolton, S., Dudley, N., Avcioglu Cokcaliskan, B., Hunter, D., Ivani¢, K.-Z., Kanga,
E., ...&, Waithaka, J. (2015). Values and benefits of protected areas. In G. L.
Worboys, M. Lockwood, A. Kothari, S. Feary and 1. Pulsford (Eds.), Protected
Area Governance and Management, ANU Press, Canberra, Australia, (pp.
145-168).

Stork, N. E., Samways, M., Eeley, H. A. C. (1996). Inventorying and monitoring
biodiversity. TREE. 11-1, 39-40.

Suresh, G., & Hovenbitzer, M. (2018, August). Quantification of forest extent in
Germany by combining multi-temporal stacks of Sentinel-1 and Sentinel-2
images. In Sixth International Conference on Remote Sensing and
Geoinformation of the Environment (RSCy2018) (Vol. 10773, p. 107730N).

International Society for Optics and Photonics, Paphos, Cyprus.

265



Sutherland, W. J., Roy, D. B., & Amano, T. (2015). An agenda for the future of
biological recording for ecological monitoring and citizen science. Biological
Journal of the Linnean Society, 115(3), 779-784.

Sekercioglu, C. H., Anderson, S., Akcay, E., Bilgin, R., Can, O. E., Semiz, G., ... &
Saglam, . K. (2011). Turkey’s globally important biodiversity in crisis.
Biological Conservation, 144(12), 2752-2769.

Senkul, C., & Kaya, S. (2017). Tiirkiye endemik bitkilerinin cografi dagilis1. Tiirk
Cografya Dergisi, (69), 109-120.

Tallis, H., Mooney, H., Andelman, S., Balvanera, P., Cramer, W., Karp, D., ...
&Thonicke, K. (2012). A global system for monitoring ecosystem service
change. BioScience, 62(11), 977-986.

Tallis, H. T., Ricketts, T., Guerry, A. D., Wood, S. A., Sharp, R., Nelson, E., &
Pennington, D. (2013). INVEST 3.0.0 user’s guide. Stanford, USA: The Natural
Capital  Project. Retrieved from http://ncp-dev.stanford.edu/*data

portal/invest-releases/documentation/3_0_0/.

Targetti, S., Herzog, F., Geijzendorffer, I. R., Wolfrum, S., Arndorfer, M., Balazs, K.,
... & Friedel, J. K. (2014). Estimating the cost of different strategies for
measuring farmland biodiversity: Evidence from a Europe-wide field
evaluation. Ecological Indicators, 45, 434-443.

TDWG (Darwin Core). (2009). Biodiversity Information Standards (TDWG). retrived
July, 27, 2020, from http://rs.tdwg.org/dwc/.

Tekeli, 1. (2012). Tiirkive Icin STK 'lar ve Katilimci Demokrasi Yazilari. Tarih Vakfi
Yurt Yayinlari, Istanbul.

Telesca, L., & Lasaponara, R. (2006). Fire-induced variability in satellite SPOT-VGT
NDVI vegetational data. International Journal of Remote Sensing, 27(14),
3087-3095.

266


http://ncp-dev.stanford.edu/

Thau, D., Ahumada, J. A., Birch, T., Fegraus, E., Flores, N., Jetz, W., ... & O’Brien,
T. G. (2019). Artificial Intelligence's Role in Global Camera Trap Data
Management and Analytics via Wildlife Insights. Biodiversity Information
Science and Standards, 3, e38233.

Thenkabail, P.S., Smith, R.B., De Pauw, E., n.d. Evaluation of Narrowband and
Broadband Vegetation Indices for Determining Optimal Hyperspectral
Wavebands for Agricultural Crop Characterization. Photogramm. Eng. Rem.
S. 68(6), 607-621.

Theobald, David M. (2004). Placing exurban land-use change in a human modification

framework. Frontiers in Ecology and the Environment, 2(3), 139-144.

Thomsen, P. F. & Willerslev, E. (2015). Environmental DNA — An emerging tool in
conservation for monitoring past and present biodiversity. Biological
Conservation, 183, 4-18.

Tilman, D., Reich, P. B., Knops, J., Wedin, D., Mielke, T., & Lehman, C. (2001).
Diversity and productivity in a long-term grassland experiment. Science,
294(5543), 843-845.

Tittensor, D. P., Walpole, M., Hill, S. L., Boyce, D. G., Britten, G. L., Burgess, N. D.,
. & Baumung, R. (2014). A mid-term analysis of progress toward
international biodiversity targets. Science, 346(6206), 241-244.

Tomaselli, R., (1977). The Degradation of the Mediterranean Maquis. Ambio, 6, 356—
362.

Tulloch, A. 1., Chades, 1., & Possingham, H. P. (2013). Accounting for
complementarity to maximize monitoring power for species management.
Conservation Biology, 27(5), 988-999.

Turak, E., Brazill-Boast, J., Cooney, T., Drielsma, M., DelaCruz, J., Dunkerley, G., ...

& Koen, T. (2017). Using the essential biodiversity variables framework to

267



measure biodiversity change at national scale. Biological Conservation, 213,
264-271.

Turkish State of Meteorological Service. (2016). Kdycegiz Meteorological Station
Records. Retrieved May 15, 2017, from https://mevbis.mgm.gov.tr/mevbis
/ui/index.html#/Workspace

Turner, W., Rondinini, C., Pettorelli, N., Mora, B., Leidner, A. K., Szantoi, Z., ... &
Koh, L. P. (2015). Free and open-access satellite data are key to biodiversity

conservation. Biological Conservation, 182, 173-176.

Turner, A., Fischer, M., & Tzanopoulos, J. (2018). Sound-mapping a coniferous
forest-Perspectives for biodiversity monitoring and noise mitigation. Plos one,
13(1), e0189843.

Turner, W., Spector, S., Gardiner, N., Fladeland, M., Sterling, E., & Steininger, M.
(2003). Remote sensing for biodiversity science and conservation. Trends in
Ecology and Evolution, 18, 306-314.

Tiire, C., & Bociik, H. (2010). Distribution patterns of threatened endemic plants in
Turkey: A quantitative approach for conservation. Journal for Nature
Conservation, 18(4), 296-303.

Tydecks, L., Jeschke, J. M., Wolf, M., Singer, G., & Tockner, K. (2018). Spatial and
topical imbalances in biodiversity research. PloS one, 13(7), e0199327.

Tzanopoulos, J., & Vogiatzakis, I. N. (2011). Processes and patterns of landscape
change on a small Aegean island: The case of Sifnos, Greece. Landscape and
Urban Planning, 99(1), 58-64.

UNEP/CBD/SBSTTA/17/INF/7. (2013). Essential Biodiversity Variables. Note by
the  Executive  Secretary. Retrieved July 18, 2020, from
https://www.cbd.int/kb/record/meetingDocument/95841?Subject=SBSTTA

268


https://mevbis.mgm.gov.tr/

Vaughan, H., Brydges, T., Fenech, A., & Lumb, A. (2001). Monitoring long-term
ecological changes through the ecological monitoring and assessment network:
science-based and policy relevant. Environmental Monitoring and Assessment,
67(1-2), 3-28.

Venter, O., Hovani, L., Bode, M., & Possingham, H. (2013). Acting optimally for
biodiversity in a world obsessed with REDD+. Conservation Letters, 6(6),
410-417.

Vihervaara, P., Auvinen, A. P., Mononen, L., Téorméi, M., Ahlroth, P., Anttila, S., ...
& Koskelainen, M. (2017). How essential biodiversity variables and remote
sensing can help national biodiversity monitoring. Global Ecology and
Conservation, 10, 43-59.

Vihervaara, P., Ronki, M., & Walls, M. (2010). Trends in ecosystem service research:
early steps and current drivers. Ambio, 39(4), 314-324.

Visconti, P., Bakkenes, M., Baisero, D., Brooks, T., Butchart, S. H., Joppa, L., ... &
Maiorano, L. (2016). Projecting global biodiversity indicators under future
development scenarios. Conservation Letters, 9(1), 5-13.

Vitousek, P. M., Mooney, H. A., Lubchenco, J., & Melillo, J. M. (1997). Human
domination of Earth's ecosystems. Science, 277(5325), 494-499.

Walpole, M., Almond, R. E., Besancon, C., Butchart, S. H., Campbell-Lendrum, D.,
Carr, G. M., ... & Fazel, A. M. (2009). Tracking progress toward the 2010
biodiversity target and beyond. Science, 325(5947), 1503-1504.

Wang, S., & Wilson, B. (2007). Pluralism in the economics of sustainable forest

management. Forest Policy and Economics, 9(7), 743-750.

Waser, L. T., Ginzler, C., Kuechler, M., Baltsavias, E., & Hurni, L. (2011). Semi-
automatic classification of tree species in different forest ecosystems by
spectral and geometric variables derived from Airborne Digital Sensor
(ADS40) and RC30 data. Remote Sensing of Environment, 115(1), 76-85.

269



Wetzel, F. T., Bingham, H. C., Groom, Q., Haase, P., Kdljalg, U., Kuhlmann, M.,
Martin, C. S., Penev, L., Robertson, T., Saarenmaa, H., Schmeller, D. S., Stoll,
S., Tonkin, J. D., & Hauser, C. L. (2018). Unlocking biodiversity data:
prioritization and filling the gaps in biodiversity observation data in Europe.
Biological Conservation, 221, 78-85.

White, S., Feiner, S., & Kopylec, J. (2006, March). Virtual vouchers: Prototyping a
mobile augmented reality user interface for botanical species identification. 3D
User Interfaces (3DUI'06) (pp. 119-126). IEEE.

White, C., Halpern, B. S., & Kappel, C. V. (2012). Ecosystem service tradeoff analysis
reveals the value of marine spatial planning for multiple ocean uses.
Proceedings of the National Academy of Sciences of the USA, 109, 4696-4701.

Wikipedia.  (2020).  Soubashi.  Retrieved June 23, 2020, from
https://en.wikipedia.org/wiki/Soubashi

Wilcox, B. A. (1985). Concepts in conservation biology: Applications to the
management of biological diversity. In J. A. McNeeley & K. R. Miller (Eds.),
National Parks, Conservation, and Development: the Role of Protected Areas
in Sustaining Society. (pp. 639-647), Smithsonian Institution Press,
Washington, D.C.

Willis, K. S. (2015). Remote sensing change detection for ecological monitoring in

United States protected areas. Biological Conservation, 182, 233-242.

Wilson, D. E., Cole, R. F., Nichols, J. D., & Foster, M. S. (1996). Measuring and
monitoring biological diversity: standard methods for mammals. Washington,

DC: Smithsonian Institution Press.

WRI/IUCN/UNEP. (1992). Global Biodiversity Strategy. Washington, DC. Retrieved
April 12, 2020, from https://www.wri.org/publication/global-biodiversity-
strategy

270



Wu, W. (2014). The generalized difference vegetation index (GDVI) for dryland
characterization. Remote Sensing, 6(2), 1211-1233.

Yoccoz, N. G., Nichols, J. D., & Boulinier, T. (2001). Monitoring of biological
diversity in space and time. Trends in ecology & evolution, 16(8), 446-453.

Zeydanh, U., Tug, S., Yorikoglu, G. (2020). Biyolojik Cesitlilik ve Orman
Ekosistemlerindeki Onemi. In H. Ulgen, U. Zeydanl, & Y. Lise. Orman ve
Biyolojik Cesitlilik. Doga Koruma Merkezi. Ankara. (pp.13-38)

Zhu, Z., Wulder, M. A., Roy, D. P., Woodcock, C. E., Hansen, M. C., Radeloff, V. C.,
... & Pekel, J. F. (2019). Benefits of the free and open Landsat data
policy. Remote Sensing of Environment, 224, 382-385.

Zimmermann, N. E., Edwards Jr, T. C., Moisen, G. G., Frescino, T. S., & Blackard, J.
A. (2007). Remote sensing-based predictors improve distribution models of
rare, early successional and broadleaf tree species in Utah. Journal of applied
ecology, 44(5), 1057-1067.

271






APPENDICES
A. Questionnaire Form

Bu anket ¢alismast ODTU Yer Sistem Bilimleri Anabilim dalinda yiiriitiilen
“TURKIYE’'DE BIYOCESITLILIK IZLEME CALISMALARININ TEMEL
BIYOCESITLILIK DEGISKENLERI CERCEVESINDE DEGERLENDIRILMES]”
isimli doktora c¢aligmasi kapsaminda yapilmaktadir. Anket, ulusal ¢apta yapilan
izleme calismalarinin mevcut durumunu ortaya koymay1 ve hangi diizeyde bilgilerin
eksik oldugunu tespit etmeyi amaglamaktadir. Anket calismasi ODTU Insan
Arastirmalart  Etik  Kurulu tarafinca 2018-FEN-023 protokol numars: ile

onaylanmistir. Anketimize katildiginiz igin tesekkiir ederiz.

Isim

Kurum
Pozisyon
Izleme ¢alismasinin ad1

Raporlama zorunlulugu O
bulunmamaktadir.
Kamu kurumuna raporlanmaktadir. Ul
Uluslararasi bir kuruma O
raporlanmaktadir.
Diger UJ
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Izleme ¢cahismasi daha biiyiik bir ~Evet O
programin parcasi mi? Hayir H
(Evet/Hayir- Evet ise belirtiniz)
Izleme calismasi hangi kurum Kamu kurumu ]
tarafindan yiiriitiiliiyor? Akademi m
(Ilgili hiicreyi isaretleyiniz) STK (Yerel/Ulusal) O
STK (Uluslararast) O
Ozel sektor O
Hiiktimetler arasi Ul
kurumlar (FAO/GEF)
Diger (liitfen belirtiniz) O
Izleme calismasi finansal olarak  Kamu kurumu ]
hangi kurum tarafindan Akademi O
destekleniyor? N STK (Yerel/Ulusal) O
(Ilgili hiicreyi isaretleyiniz) STK (Uluslararasr) O
Ozel sektor O
Hiikiimetler aras1 O
kurumlar (FAO/GEF)
Diger (liitfen belirtiniz) O

Uzaktan algilama

Hava fotograflar
Telemetri

Akustik yontemler
Fotograf

Video

Arazi gozlemleri

Oooo0ooogao

Diger
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Tiir bulunma

Popiilasyon biiyiikliigii

Tiir zenginligi

Ooodg

Diger

< 1km?
1-10 km?
10-100 km?
100-1000 km?
>1000km?

Oo0ooogd

Izleme calismasinin ilk degerlendirildigi y1l nedir?
Izleme calismasinin son degerlendirildigi yil nedir?

Izleme calismasi halen devam ediyor mu? Evet O
Hayir O
Bilmiyorum [
Izleme ¢alismasmin Aylik O
siklig1 nedir? Yillik n
Mevsimsel ]
Diizensiz (firsat oldukca) O
Tek seferlik |
Diger ]
Izleme ¢calismasi belirtilen zaman diliminde diizenli Evet O
olarak yapildi m? Hayir m
Bilmiyorum [
Belirtilen zaman diliminde ¢alismanin Evet ]
atlandigi/yapillamadig: yil/donemler oldu mu? Hayir ]
Bilmiyorum []

Izleme ¢cahismasi eforuna iligkin ilgiler (flgili hiicreyi isaretleyiniz).
Izleme calismasina kac kisi katildi? 1 kisi |
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2-10 kisi
>10 kisi
>100 kisi
Diger

Izleme ¢calismalar1 aym Kisiler tarafindan mi gerceklestirildi?
Izleme calismalarina goniilliiler dahil edildi mi?

Izleme ¢alismalarina vatandashk bilimi kullamldi m1? (Bu
soruyu yanitlarken vatandaslik bilimini, bireylerin kendi
motivasyon ve insiyatifleriyle yiriitiigii caligmalar olarak ele
alimiz. Calismaniza dahil olan géniilliiler sizin onlara sundugunuz
imkanlar dahilinde ¢aligmaya destek oluyorlarsa bu boliimii hayir
olarak isaretleyiniz)

Goniilliilerin izleme calismas1 kapsaminda bilgilendirme
almasi saglandi mi1? (Calismaniza goniillii katilimi dahil
edildiyse yanitlayiniz)

Goniilliilerin izleme caliymasi kapsaminda egitim almasi
sagland1 m? (Bilgilendirmeden ziyade sistematik olarak ve
daha kapsamli bir sekilde ¢calismanin amaci, yontemi vb
konularda egitimi saglandiysa eveti isaretleyiniz)

276

EDDDD

Hayir
Evet
Hayir
Evet
Hayir

Evet
Hayir

Evet

Hayir

O0O000d1n-d

O o oOog



Tek bir alan

Birden fazla alan

Bir cografi bolge

Birden fazla cografi bolge

Calismamz hangi cografi bolge(ler)de
yer aliyor?

Ulusal ol¢ek

Diger

Calismamz herhangi bir korunan
alam kapsiyor mu?

Calismamz hangi ekosistem(ler)i
kapsiyor?

Oood

Marmara

Karadeniz

Ege

Akdeniz

Ic Anadolu

Dogu Anadolu
Gilineydogu Anadolu
(]

[

Milli Park

Yaban Hayati Gelistirme
Sahas1

Ozel Cevre Koruma Bolgesi
Tabiat1 Koruma Alani
Diger (Dogal Sit, Tabiati
Koruma Alani )

Orman

Bozkir
Sulakalan
Kiy1
Deniz
Dag/alpin
Diger

OO 0O

Oo0oo0oood

OO000o0o0nd



Izleme calismasi veri deposu /arsivine iliskin bilgiler

(Ilgili hiicreyi isaretleyiniz (Evet/Hayir- Evet ise belirtiniz)).

Veri ulusal bir veri merkezinde Evet O
depolaniyor mu? Hayir H
Veri baska bir veri deposunda Evet O
arsivleniyor mu? Hayir 0
Veri kalitesi/dogrulugu kontrol Evet |
ediliyor mu? Hayir 0
Veri erisiminde kisitlamalar var m?  Evet O
Hayir O
Veri online paylasihiyor mu? Evet O
Hayir O
Metaveri (veri kiinyesi) online Evet O
paylasiliyor mu? Hayir H
Veri hangi ortamda saklaniyor? Online veri tabani

Lokal veri tabani
Excel vb. ¢calisma dosyalari

Rapor dokiimant

O0oond

Veri dijital halde saklanmiyor
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B. List of Literature Survey- Academic Studies

The columns includes abbreviations as follows;

EBV column; Co-ancestry (CA), Allelic diversity (AD), Population genetic
differentiation (PGD), Species distribution (SD), Population abundance (PA),
Population structure by age/size class (PSA/SCs), Phenology (P), Body mass (BM),
Natal dispersal distance (NDD), Migratory behaviour (MB), Demographic traits (DT),
Physiological traits (PT), Taxonomic diversity (TD), Species interactions (SI), Net
primary productivity (NPP), Secondary productivity (SP), Nutrient retention (NR),
Disturbance regime (DR), Habitat structure (HS), Ecosystem extent and fragmentation
(EEF), Ecosystem composition by functional type (ECFT)

Species Group column; Also includes Ecosystems (E), Bird (B), Herpetofauna (H),
Invertebrate (1), Large Mammal (LM), Plant (P), Small Mammal (SM),

Habitat column: Agriculture (A), Coastal (C), Forest (F), Grassland (G), Multiple
(M), Urban (U), Wetland (W)

Geographical Scale column: Local (L), Regional (R), Countrywide (C)

Authors Year |Title EBV . Hab | G890
Group Scale
Epiphytic bryophyte communities and
EzerT. 2017 | succession on Platanus orientalis trees | Sl P F L

in Kadincik Valley (Mersin/Turkey)
Anadolu Canis lupus L. 1758 (kurt)
Ertiirk A. 2017 | tirtintin alansal ekolojisi ve | PGD, SD | LM M C
populasyon yapisinin aragtirilmasi
Giliney Ege bolgesinde giibrede
bulunan  Histeridae  (Coleoptera)
tiirlerinin fenolojisi ve vertikal dagilisi
lizerine aragtirmalar

Genetic structure and hatchling
Ogul N. F. 2017 | behavior of sea turtle populations in | PGD H C R
the Eastern Mediterranean

The effects of sex ratio in estimation
Yelmen B. 2017 | of genetic differentiation in Populus | AD P M R
nigra populations

Determination of genetic diversity in
Tokdemir Y. 2017 | Salix caprea populations from the | PGD P M R
Coruh river watershed

Ese S. 2017 SD, P | M R
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Ersahin S. NPP of anatolian Fs in relation to
et.al. 2016 | Climate, 2000-2010 NPP|E Fc
Cross-continental migratory
Kolecek I, 2016 co_nnectlwty and_ spatiotemporal MB B W C
et.al. migratory patterns in the great reed
warbler
Genetic variations of Turkish bank
gtoilak R, 2016 | vole, Myodes glareolus (Mammalia: Z%D SM F R
o Rodentia) inferred from mtDNA
Spatiotemporal modeling of NPP of
Donmez C., 2016 eastern medltc_arranean_blomes under NPP E M R
et.al. different regional climate change
scenarios
Effect of the Aegean Sea barrier
Sobierajska 2016 bgtween_ .Eurqpe a_lnd Asia on PGD p = R
K., etal. differentiation in Juniperus drupacea
(Cupressaceae)
Monitoring changes in landscape
Alp'han H. and 2016 | pattern: use of Ikonos and Quickbird | EEF E M L
Celik N. '
images
Faunistic  and  zoogeographical
composition and preliminary
Firat S. and evaluations of some ecological
Sert O,, 2016 features of the subfamily staphylininae i I G R
(Coleoptera: Staphylinidae) of the
central anatolian region of turkey
Baykal H. Floristic diversity in Baghemsin valley
And Atamov | 2016 | of Kagkar Mountains National Park of | TD P F R
V., Rize, Turkey
Status and distribution of red-wattled
lapwing Vanellus indicus (Boddaert,
Karakas R., 2016 1783) (Charadriiformes: SD B w R
Charadriidae) in Turkey
Breeding biology of the red-backed
Arslan  Sahin shrike, Lanius collurio, in the
N., et.al. 2016 Kizilirmak Delta in the north of DT B w L
Turkey
Geolocator tracking of Great Reed-
Warblers (Acrocephalus
Horns  J.J., arundinaceus) identifies key regions
et.al. 2016 for migratory WL specialists in the MB B w R
Middle East and sub-Saharan East
Africa
Nesting habitat preferences and
N reproductive performance of griffon
Otk ¥ a4 | 2016 | vultures Gyps fulvus (Hablizl, 1783) | DT B G L
o in Afyonkarahisar, Antalya and Isparta
(Turkey)
Ambarh D An overview of biodiversity and
etal ”| 2016 | conservation status of steppes of the |[HS, SD |5G G C

Anatolian Biogeographical Region
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Kaya Impact of large scale dam construction
Ozdemirel B.,| 2016 | on movement corridors of mammals in | EEF, SD | LM M R
et.al. Artvin, north- eastern Turkey
S Exceptional maternal lineage diversity
gtﬂalln gir £G, 2016 | in brown bears (Ursus arctos) from | PGD LM F C
o Turkey
Genetic  differentiation  of  the
Meriones  tristrami  (Mammalia: | PGD,
YigitN., etal. | 2016 Rodentia) subpopulations in Turkey - | AD SM G ¢
Inferring allozyme variations
Demirbas Y Mit_ochc_)ndrial _DNA control regi_on
etal ” 1 2016 var!abllltyofwnd boar sus sgrofawnh PGD LM F C
o various external phenotypes in Turkey
Sabanoglu, B A study_ on determination of
. 77| 2016 | Cerambycidae (Coleoptera) fauna of | TD | F R
and Sen L. .
Isparta Province (Turkey)
Bayraker Y. Abundance of_ western caspian_ turtle,
etal 7| 2016 mauremys rivulata (Valenciennes, | PA H w L
o 1833) in gokgeada (Imbros), Turkey
Capar D. And Population size of endemic Rana
Bagkale E. 2016 tavasensis in its terra typica, Turkey PA,DT | H W L
Molecular and ecological
investigations on the wild populations
Altay V., et.al. | 2016 | of Glycyrrhiza L. taxa distributed in| AD P M L
the East Mediterranean Area of
Turkey
Werner Y.L. Bergmann's and Rensch's rules and the
et.al. 2016 spur-thighed tortoise (Testudo graeca) DT H M L
Litter size and basic diet of brown
Ambarll H. 2016 | bears (Ursus arctos, Carnivora) in|DT LM F L
northeastern Turkey
Geven E Habitat clas"s.ificavt'ion and evaluatign
etal "I 2016 |of the Koycegiz-Dalyan Special | EEF E M L
o Protected Area (Mugla/Turkey)
Phylogenetic relationships of insect-
Azizoglu U., 2016 associated  free-living _rhabditid PGD | M R
et.al. nematodes from eastern mediterranean
region of Turkey
Seven at one blow: The origin of major
Veith M lineages of the _viviparous Lyci_an
etal | 2016 | salamanders (Lyciasalamandra Veith | PGD H F R
o and Steinfartz, 2004) was triggered by
a single paleo-historic event
Phenotypic differentiation is
Wilkins M.R., 2016 associated with divergent sexual | PGD, B M L
et.al. selection among closely related barn | MB
swallow populations
Kuyucu A.C., Thermal Preference of the Bush
and  Caglar| 2016 | Cricket Isophya rizeensis; Testing the | PT | F L
S.S. Effect of Countergradient Selection
Ambarli  H., 2016 Current status, distribution, .and sD LM M c
et.al. conservation of brown bear (Ursidae)
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and wild canids (gray wolf, golden
jackal, and red fox; canidae) in Turkey
Distribution pattern and genetic
Yavasoglu structure of Aedes zammitii (Diptera:
S.1., etal. 2016 Culicidae) along the Mediterranean SD.AD | ¢ R
and Aegean coasts of Turkey
The changes related with altitudinal
Fidan EC grad!ent and seas_o_nal variation in_ the
..~ "| 2016 |species composition of Carabidae |TD | F L
and Sirin U. . - .
(Coleoptera) in Tirkmen mountain
(Eskisehir, Turkey)
Kovada Goli Milli Parki
. (Isparta)'ndaki yer bdcekleri
Yaman [ 2016 (Coleoptera:Carabidae)nin farkll D I F L
habitatlara bagl tiir ¢esitliligi
Farkli  habitat tiplerinde  kii¢iik
Bulut S. 2016 | memelilerin biyo-ekolojilerinin [ PA, TD |SM M L
incelenmesi
Kankilic T AIIozyme variations in Anatol_ian
etal | 2015 | populations and cytotypes of the blind | AD SM M R
o mole rats (Nannospalax)
Spatial variation, mapping, and
Abay G., et.al. | 2015 | classification of moss families in semi- | HS E M L
arid landscapes in NW Turkey
Plant functional types in
ELTt?;yi gnd 2015 Mediterranean_ enclaves in Western | PT P F R
e Black Sea Region of Turkey
Altumisik  A. Life history traits in Bufotes variabilis
And Ozdemir| 2015 | (Pallas, 1769) from 2 different|DT H M L
N., altitudes in Turkey
Population  size  estimates  of
Lissotriton wvulgaris (L., 1758) and
Go¢men B., Triturus ivanbureschi Arntzen &
et.al. 2015 Wielstra 2013 (Caudata: PA H w L
Salamandridae) from Edirne,
European part of Turkey
Influences of F type and habitat
Bergner A, 2015 structure on bird asse_mblag_es of oak S| B = L
et.al. (Quercus spp.) and pine (Pinus spp.)
stands in southwestern Turkey
Turkey as a crossroad for Greater
Balkiz 0 qumingos Phoenicop_terus roseus:
”| 2015 | Evidence from population trends and | PA B w R
etal. . . i
ring-resightings (Aves:
Phoenicopteridae)
Erciyas- Spring and autumn migration of the
Yavuz K.,| 2015 |red-breasted flycatcher through the | MB B w R
et.al. kizilirmak delta, Turkey
Land use/land cover change detection
Erdogan N., for environmental monitoring in
et.al. 2015 Turkey. A case study in Karaburun HS E M R

Peninsula
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Azgim  S.T. :
and Dadaser-| 2015 (SPp:Igg)l ir;(iéei?%rrzil(lechanges at Tuzla HS E w L
Celik F., y
Spatiotemporal changes of land use
patterns in high mountain areas of
Sen G, etal 2015 Northeast Turkey: a case study in HS E F L
Magka
Bozali N Use of spatial pattern analysis to
| 2015 |assess F cover changes in the|HS E F R
et.al. . .
Mediterranean region of Turkey
Chromosome banding pattern
A_rslan A. and 2015 retrieves an independent origin of2n= PGD SM G L
ZimalJ., 50 chromosome populations of
Nannospalax xanthodon from Turkey
Olgun Determination of genetic variations
Karacan G.| 2015 betweer_l Ap_ode_mus _mystacmus PGD, SM = c
Etal populations distributed in Turkey | AD
o inferred from mtDNA PCRA€“RFLP
Investigation of genetic variation
Mutun S. and among  Turkish  populations  of PGD
Karag6zoglu | 2015 | Andricus lignicola using AD ' | F C
H., mitochondrial cytochrome b gene
sequence data
. Body size and age in three populations
Glimiis Ozcan
. of the northern banded newt
ﬁ' And Uziim | 2015 ommatotriton ophryticus (Berthold, PSA/SCs | H w L
" 1846) from Turkey
Perkta U Climate-driven range shifts and
etal $ 1 2015 | demographic events over the history of | SD B F C
o Kruper's Nuthatch Sitta krueperi
An investigation on habitat and
Oskay D. and . . . | PA,
Altan Y. 2015 popu!atlon properties of local endemic PSA/SCs P G L
Erodium somanum
Aslan M. 2015 Successmn.ofsteppe areas after fire in DR E G L
the gap region of Turkey
Assessment of ecological passages
Giilei S. and along road networks within the
Akay A.E. 2015 Mediterranean F using GIS-based EEF E F R
multi criteria evaluation approach
Historical demography of the eurasian
green woodpecker: Integrating
Perktas U. 2015 | phylogeography and ecological niche | PGD B F R
Et.al. . . .
modelling to test glacial refugia
hypothesis
. Age and sex differences in hibernation
Kart ?ur M. 2015 | patterns in  free-living Anatolian | PT SM G L
and Giir H. .
ground squirrels
Range extension of four species of
Itci N. Etal. | 2015 | S"akes (Ophidia: Eirenis, | o H M (R

Pseudocyclophis, Platyceps) in eastern
Anatolia
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Chynoweth
M.W., et.al.

2015

Conservation of a new breeding
population of Caucasian lynx (Lynx
lynx dinniki) in eastern Turkey

SD

LM

Tire C. And
Ocak A.

2015

Habitats and distribution of fern
species in Bilecik, Turkey

SD

Wielstra
et.al.

B-a

2015

The distribution and taxonomy of
Lissotriton  newts in  Turkey
(Amphibia, Salamandridae)

SD, PGD

Aydemir M.

2015

Phylogenetic analysis of Colchicum L.
species with chloroplast genome-
specific markers

PGD

Bozkurt M.

2015

Psephellus aucherianus (DC.) boiss.
(asteraceae) kompleksine ait tiir
populasyonlarinda genetik ¢esitliligin
belirlenmesi

PGD

Karakose M.

2015

Yaraligdz Egitim ve Gozlem Ormani
(Kastamonu) ile Finike Merkez
Orman Planlama Birimi'nin (Antalya)
florasi, vejetasyonu ve habitat
tiplerinin siniflandirilmasi

EEF, TD

Peksen Akin
C.

2015

and
Eastern
frog

Molecular evolution
phylogeography of the
Mediterranean water
(Pelophylax) complex

AD,
PGD

Osmanoglu T.

2015

Isparta-Golciik Tabiat Parki
ormaninda mescere yapist ile kus tiirii
zenginligi arasindaki iligkiler

TD, HS

Kocamanoglu
E. B.

2015

Coruh  havzasinin  bazi  mikro
havzalarinda biyogesitlilik indisleri ve
bunlarn iistiine etki eden faktorler

TD

Kurt P.

2015

Erzincan ilinde endemik olarak
yetisen ve yok olma tehlikesinde olan
Sonchus erzincanicus tiirtinlin
populasyon genetiginin molekiiler
yontemlerle arastirtlmasi ve koruma

stratejilerinin gelistirilmesi

PGD

Laz B.

2015

Kahramanmaras ili Andirin il¢esinde 3
farkli orman tipinde bazi Coleoptera
familyalarinin ~ ¢esitliligi  iizerine
incelemeler

TD

Cetintiirk D.

2015

Trakya ve Bati Anadolu'da yayilig
gosteren Microtus lydius (2n=54) ve
Microtus hartingi (2n=54) tiirlerinin
filogenetik iligkilerinin ortaya
konulmas1

PGD

SM

Karasu N.

2015

Farkli alanlarda yasayan Eustigmaeus
erciyesiensis (Acari: Stigmaeidae)
popiilasyonlarindaki genetik
polimorfizmlerin RAPD-PCR
yontemi ile belirlenmesi

AD

Karakag
Metin
et.al.

0.,

2014

Use of fluorescent-based amplified
fragment length polymorphism to

PGD

284




. Sp Geo-
Authors Year |Title EBV Group Hab Scale
resolve phylogenetic relationships of
Colchicum species from Turkey
A skeletochronological study of the
Altunisik A., smooth newt Lissotriton vulgaris
et.al. 2014 (Amphibia: Urodela) from an island DT H w L
and a mainland population in Turkey
Kilie C. and Hatchling sex ratio, body wglght and
2014 | nest parameters for Chelonia mydas | PSA/SCs | H C L
Candan O., . g
nesting on sugozii beaches (Turkey)
Phylogenetic status of the turkish red
L fox (Vulpes vulpes), based on partial | AD,
Ibis O., etal, 2014 sequences of the mitochondrial | PGD LM M ¢
cytochrome b gene
The body size, age structure, and
Uziim N, growth of Bosc's fringe-toed lizard,
et.al. 2014 Acanthodactylus boskianus (Daudin, PSA/SCs | H G L
1802)
Ecological traits of Mediterranean tree
KintV. etal. | 2014 species as a basis for modelllng F PT p = R
dynamics in the Taurus mountains,
Turkey
Assessment of genetic diversity and
phylogenetic relationships of
FilizE., etal. | 2014 |endangered endemic plant Barbarea | CA P W R
integrifolia DC. (Brassicaceae) in
Turkey
The effect of thinning on microbial
Bolat I., 2014 | biomass C, N and basal respiration in | NPP, NR | E F L
black pine F soils in Mudurnu, Turkey
- Analysing land cover changes for
Kadiogullar 2014 | understanding of F dynamics using | HS E F L
A.l, etal.
temporal F management plans
Ambart Do on b communty
And  Bilgin| 2014 | V9etaUO" ire oot Y Hs B G |R
composition and diversity in Inner
C.C, ;
Anatolian steppes
Evaluating landscape changes and
.. environmental threats in a Co
Gokyer E., 2014 landscape case study of Bartin Co HS E c L
area, Turkey
- Relationship between highway
Esetlili M.T., 2014 | constructions and natural habitat. a | EEF E M L
et.al. R
case study of izmir highway
Molecular systematics and
Ozdemir N, phylogeography of Bufotes variabilis
et.al. 2014 (syn. Pseudepidalea variabilis) (Pallas, PGD H M c
1769) in Turkey
Avaan B The first density estimation of an
g "| 2014 |isolated Eurasian lynx population in|PA LM F L
et.al. *
southwest Asia
Uzun A. and The activities of the little Egret
Helli S. 2014 (Egretta garzetta) and night Heron PA B W L
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(Nycticorax nycticorax) in their
colonies during the breeding season

Saglam LK.,
etal.

2014

Diversification of montane species via
elevation shifts: The case of the
Kagkar cricket Phonochorion
(Orthoptera)

AD

Markov  G.
et.al..

2014

Intraspecific epigenetic polymorphism
of the East European vole (Microtus
levis Miller, 1908) in South-eastern
Europe and Turkey

AD

SM

Akyildirim
H., et.al.

2014

Determined aphid and ant associations
from trabzon, rize and artvin provinces
of the Turkey

Sl

Eser O. and
Erismis U.C.

2014

Research on the HF of baskomutan
historical national park,
Afyonkarahisar, Turkey

TD

Subas1 U.

2014

Campanula tomentosa lam. ve C.
vardariana ~ bocquetnin  koruma
biyolojisi ve genetik cesitliligi

PGD

Kirtiloglu E.

2014

Hotamis  golii  gevresinin  arazi
kullaniminin uydu goriintiileri
yardimiyla zamansal analizi

EEF

Oksiiz P. D.

2014

Poecilimon  similis  (Orthoptera:
Tettigoniidae)'in Dogu Karadeniz
popiilasyonlart  arasindaki  genetik
cesitlilik-cografi dagilim iligkisinin
merkez-perifer hipotezi cercevesinde
sianmast

PGD

Demirci S,
et.al.

2013

Mitochondrial DNA diversity of
modern, ancient and wild sheep (Ovis
gmelinii anatolica) from Turkey: New
insights on the evolutionary history of
sheep

AD

LM

Coraman E.,
et.al.

2013

Phylogeographic analysis of Anatolian
bats highlights the importance of the
region for preserving the Chiropteran
mitochondrial genetic diversity in the
Western Palaearctic

AD

SM

Kabalak M.
and Sert O.

2013

Faunistic  composition, ecological
properties, and  zoogeographical
composition of the Elateridae
(Coleoptera) family in the Western
Black Sea region of Turkey

Sl

Gil S.,

2013

Ecological divergence between two
evolutionary lineages of Hyla savignyi
(Audouin, 1827) in Turkey: Effects of
the anatolian diagonal

SD

Saygili F. and
Yigit N.,

2013

Passer hispaniolensis subpopulations
in Turkey: Allozyme variations and
brief ecobiological notes

AD

Kirazli C. and
Yamag E.,

2013

Population size and breeding success
of the cinereous vulture, Aegypius
monachus, in a newly found breeding

PA, DT
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area in western Anatolia (Aves:
Falconiformes)
Reproductive biology of Acomys
s B\ 2013 cilicicus  Spitzenberger, 1978 | DT SM F IR
o (Rodentia: Muridae) in Turkey
Kaduogullari Assessing impIication§ of land use and
Al 2013 | land cover changes in F Es of NE |HS E F R
T Turkey
Bi-temporal analysis of landscape
Alphan H., 2013 chan_ges in  the _ easternmost HS E C R
mediterranean deltas using binary and
classified change information
Investigations on the ecology of
Yavuz G, 2013 eurasi_ar] water _yole, Aryico_la PA BM |SM M L
et.al. amphibius (rodentia: Mammalia) in
ankara province
Morphometric and allozymic
differences between Bearded Tit
Saygil F., 2013 Panuru_s biarmicus _ (Aves: AD B W L
et.al. Passeriformes) subpopulations in a
large WL and a small pond in central
Anatolia, Turkey
Viwag C.|  [Maoloo s sele raton
and Gailing| 2013 AD P F C
0 petraea_ and Q. robur natural
" populations
Genetic diversity and geographic
variation of chromosomal races of
Kankili¢ T., Nannospalax xanthodon (Nordmann, | AD,
et.al. 2013 1840) and Nannospalax ehrenbergi | PGD SM M c
(Nehring, 1898) from  Turkey,
revealed by RAPD analysis
Yiicedag C. Genetic variation and differentiation
and Gailing| 2013 |in Juniperus excelsa M. Bieb.|PGD P F C
0. populations in Turkey
Molecular phylogeny and historical
Kapli P., et.al. | 2013 | biogeography of the Anatolian lizard | PGD H G C
Apathya (Squamata, Lacertidae)
Phylogeography of the large Myotis
Furman A, 2013 bats (Chiroptera}: Vesper_tilionidae) in PGD SM M R
et.al. Europe, Asia Minor, and
Transcaucasia
Ulgentiirk S Predators of Marchalina hellenica
”| 2013 | (Hemiptera: Marchalinidae) on pine | TD | F R
et.al. ;
Fs in Turkey
Mesudiye (Ordu) ve ¢evresindeki bazi
Tiirkis S. 2013 | vejetasyon tiplerinin biyogesitliliginin | TD P M R
arastirilmasi
Tirkiyemin yabani zeytin (Olea
europaea subsp. europaea var.
Cagatay E. 2013 | sylvestris) populasyonlarindaki | AD P F Cc

genetik ¢esitliligin ITS-1 belirtegleri
yardimiyla belirlenmesi ve yaygin

287




. Sp Geo-
Authors Year | Title EBV Group Hab Scale
olarak kullanilan kiiltiir zeytini (O.
europaea  subsp. europaea  var.
europaea) cesitlerinin bu belirteglerle
karakterizasyonu
Tirkmen daglar1 (Eskisehir- Kiitahya)
Kiigiikkayki yer bocekleri (Coleoptera:
C.E. 2013 Carabidae)'nin fenolojileri ve vertikal i I M L
tiir ¢esitliliginin aragtirilmasi
Kahramanmarag-Derekdy yoresindeki
YILDIZD. 2013 bir. dag caglasi (Amygdalus arabi_ga p p F L
Oliv.) populasyonunda fenolojik
gozlemler
Kesikoglu H Sultan Sazligr Milli Parki ve ramsar
M "| 2013 |alan1 kiy1 degisiminin uydu goriinti | EEF E w L
' analizleriyle incelenmesi
Mert A, 2013 Orman}n yapisal gesitl?li‘gil‘lin uydu HS E E L
verileri kullanilarak kestirimi
Does Black-winged Kkite Elanus
Karakas R., 2012 | caeruleus (Desfontaines, 1789) have | SD B G R
an expansion in its range in Turkey?
Environmental factors affecting nest-
Onmus O, 2012 site selection and breeding success of | PSA/SCs B M R
et.al. the white stork (Ciconia ciconia) in |, PA
Western Turkey
Phylogeography and  population
structure of Kriiper's Nuthatch Sitta
Albayrak T, 2012 | krueperi from Turkey based on AD, B F C
et.al. ; - . - | PGD
microsatellites and  mitochondrial
DNA
Saproxylic beetles on old hollow oaks
Atay E etal. 2012 _(quercus spp.) ina smaII.isoIated area} ™ | = L
in  southern  turkey:  (Insecta:
Coleoptera)
Variation in body size and age
Ozdemir N, 2012 structur_e among three  Turkish PSA/SCs | H = L
et.al. populations of the treefrog Hyla
arborea
Altitudinal genetic and morphometric
Demirci B., variation among populations of Culex
etal. 2012 | heileri Theobald (Diptera: Culicidae) | A ' MR
from northeastern Turkey
Moreira B., 2012 Logal_yers:us regiona! intrqspeciWc DT p = R
et.al. variability in regeneration traits
Nesting habits and breeding success of
Yavuz K.E the white stork, Ciconia ciconia, in the
et.al. 2012 kizihrmak delta, turkey: (Aves: DT B M L
Ciconiidae)
Kabasakal B. Offspring sex ratios and breeding
And Albayrak | 2012 | success of a population of the great tit, | DT B M L
T., Parus major: (Aves: Passeriformes)
Yamag E. Post-fledging movements of cinereous
And  Bilgin| 2012 | Vultures Aegypius monachus in|MB B F R
C.C., Turkey revealed by GPS telemetry
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Kebap¢1 U, 2012 The Ignd sna}il fauna of Mut district ™D | M L
et.al. (Mersin province, Turkey)
Biricik M., Birds of Hasankeyf (South-Eastern
and Karakas | 2012 | Anatolia, Turkey) under the threat ofa | TD B M L
R., big dam project
Distribution pattern and molecular
S_evgiIiE.,and 2012 identif_icatio_n of _ A_\nophgles PGD, SD |1 W c
Simsek F.M., maculipennis complex in eight river
basins of Anatolia, Turkey
Genetic variation in turkish honeybees
Apis mellifera anatoliaca, A. m.
— caucasica, A. m. meda (Hymenoptera:
Ozdil ., etal.| 2012 Apidae) inferred from %FyLP anglysis PGD ! M ¢
of three mtDNA regions (16S rDNA-
COI-ND5)
Decline of the levantine frog,
pelophylax bedriagae camerano, 1882,
Bagkale E. 2012 in the West_ern aegean r_egion thurkey PA H W R
And Kaya U., changes in population size and
implications for conservation:
(Amphibia: Ranidae)
Morphometric and genetic structure of
Helvact  Z., 2012 the edible dormouse (Glis gl_is): A PGD SM = c
et.al. consequence of F fragmentation in
Turkey
Breeding biology of spur-winged
Ozkan L., lapwing (Vanellus spinosus I.) at
et.al. 2012 bogazkent, Antalya/ Turkey 2009- PA,DT |B w L
2011
Preliminary data on the age structure
Cigek K., of Phrynocephalus horvathi in Mount
et.al. 2012 Ararat  (Northeastern  Anatolia, DT H G L
Turkey)
Oran S and Epiphytic lichen diversity on Quercus
Oztiirk 2012 | cerris and Q. frainetto in the Marmara | TD P F R
Scedil;. region (Turkey)
Akbaba  B. Ca_mera t_ra_p study on inventory_and
and Ayas Z 2012 da_lly act_|V|ty patterns of LMs in a|TD LSM F L
) mixed F in north-western Turkey
Korunan alanlarda peyzaj karakter
Gormiis S. 2012 |analizi:  Kastamonu-Bartin  Kiire | EEF E F L
daglar1 Milli Parki 6rnegi
Tirkiye kumsallarindaki  Caretta
Yilmaz C. 2012 | caretta populasyonlarinin  genetik | PGD H C Cc
yapisi
The spider fauna of an olive grove and
. associated shrublands in Mugla,
Elverici M. 2012 Milas, Kryikislacik with notes on their D ! A L
diversity and composition
Datca hurmasi (Phoenix theophrasti) AD
Vardareli N. 2012 | populasyonlarindaki genetik PGb P Cc R
cesitliligin SSR belirtecleriyle
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saptanmast ve tiiriin diger palmiye
tiirleri ile iligkisinin ortaya konulmasi

Demirtas S.

2012

Tiirkiye Erinaceus (Erinaceomorpha:
Mammalia)  cinsinin  molekiiler
filocografyasi

PGD

SM

Gorgiili E.

2012

I¢ Anadolu Bélgesinde yetisen Isatis
glauca'min  genetik  ¢esitliliginin
molekiiler isaretleyicilerle
karakterizasyonu

PGD

Yalgin S.

2012

Modeling the current and future ranges
of Turkish pine (Pinus brutia) and
oriental beech (Fagus orientalis) in
Turkey in the face of climate change

SD

Kabalak M.
And Sert O.

2011

Faunistic ~ composition, ecological
properties and  zoogeographical
composition of the family Elateridae
(Coleoptera) of the Central Anatolian
Region of Turkey

Sl

Akay
et.al.

AE.

2011

Monitoring the local distribution of
striped hyenas (Hyaena hyaena L.) in
the Eastern Mediterranean Region of
Turkey (Hatay) by using GIS and
remote sensing technologies

SD

LM

Biricik M.
And Karakas
R.,

2011

On the occurrence of white-headed
duck Oxyura leucocephala
(SCOPOLI, 1769) in South-eastern
Anatolia, Turkey

SD

Cigek
et.al.

K.,

2011

Population  dynamics of rana
macrocnemis boulenger, 1885 at
uludag, western turkey: (Anura:
Ranidae)

PSA/SCs

Onmus 0.
And Siki M.,

2011

Shorebirds in the Gediz Delta (Izmir,
Turkey): Breeding and wintering
abundances, distributions, and
seasonal occurrences

SD, PA

Onmus O
et.al.

2011

Status and development of the
population of the globally threatened
dalmatian pelican, Pelecanus crispus,
in turkey: (Aves: Pelecanidae)

SD

Saygili F.
Et.al.

2011

The spatial and temporal distributions
of waterbirds in Lakes Aksehir-Eber
and Lake Koycegiz in western
Anatolia, Turkey - A comparative
analysis

SD

Nergiz H.
Et.al.

2011

Nest site selection and reproductive
success of white-headed duck (Oxyura
leucocephala Scopoli, 1769) in the
Van Lake Basin (Turkey)

DT

Anlag S. et.al.

2011

Notes on the seasonal dynamics of
some coprophagous Scarabaeoidea
(Coleoptera) species in Manisa
province, western Anatolia
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. Sp Geo-
Authors Year |Title EBV Group Hab Scale
Arslangiindog The effects of tree stand layers on
du Z. and| 2011 |resident bird species in Belgrade F,|TD B F L
Yilmaz E., Istanbul, Turkey
Tecimen H.B. Eyaluat!on_ of net nitroge_n
and Kavgaci| 2011 mineralization rates at Pinus brut_la NR E F R
A ten. Fs and maquis shrublands in
B Southern Turkey
Dénmez C Mod_elling_ t_he current and fgture
”| 2011 |spatial distribution of NPP in a|NPP E F R
et.al. .
Mediterranean watershed
Ozyavuz M A change vector analysis technique to
”| 2011 | monitor land-use/land-cover in the|HS E M R
$ yildiz mountains, Turkey
Sl}_baslU. And 2011 Breeding systems and reproductive DT p G L
Giivensen A., success on Salvia smyrnaea
Intraspecific genetic diversity of the
oak gall wasp Andricus lucidus|PGD,
Mutun S., 2011 (Hymenoptera: Cynipidae) | AD : F c
populations in Anatolia
The role of Anatolian refugia in HFI
Kornilios P., diversity: An mtDNA analysis of
et.al. 2011 Typhlops vermicularis Merrem, 1820 PGD H G R
(Squamata, Typhlopidae)
Albayrak T., A model of habitat suitability for
et.al. 2011 Krueper's Nuthatch Sitta krueperi Sb B F C
Contribution on the status and
Karakas R., 2011 | distribution of shrike species in South- | SD B G R
eastern Anatolia, Turkey
Morphometric variation and genetic
Furman A diversity of the lesser and_ greater
etal "I 2011 mouse—e;a_red_ bat_s (Chiroptera: | PGD SM M C
e Vespertilionidae) in  Thrace and
Anatolia
Genetic comparison of pinus brutia
KurtY. Etal. | 2011 [ten. populations from different | AD P F R
elevations by RAPD markers
Ecogeographical variation of bod
Perktas U. 2011 size%n gha&finches Fringilla coelebsy BM B F R
Reproductive ecology and body size-
fecundity relationships of the green
]j’ta;l(ale E., 2011 |toad, pseudepidalea viridis (Iaqrenti, BM H W L
e 1768), in the kocagay stream, [zmir,
turkey: (Amphibia: Anura)
Xﬂ(m}e}%zeﬂi 2011 Early post-fire chang_es in Pinus brutia DR E = L
A Fs (Amanos Mountains, Turkey)
Ecological land classification and
Ozkan K. And mapping of Yazili Canyon Nature
Mert A. 2011 Park in the Mediterranean region, HS E F L
Turkey
Kavgaci A. Diversity of floodplain Fs in the
et.al. 2011 Igneada region (NW Thrace - Turkey) HS E F L
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Interpretations of vegetation changes
Unal S, et.al. | 2011 | of some villages rangelands in Cankiri | TD P G L
province of Turkey
Contribution to the knowledge on the
Tasdemir A distribution of Chironomidae and
” | 2011 | Chaoboridae (Diptera: Insecta) species | TD | w L
et.al. -
of lakes on Taurus Mountain Range
(Turkey)
Yavuz Karadeniz {iizerinden nokturnal goc
. 2011 | eden Passeriformes (Aves) tiirlerinin | MB B W L
Erciyas K. - e
sonbahardaki gog¢ stratejileri
Karayollarindan kaynaklanan peyzaj
Caglgyan 2011 Pargalgnmasn}m korunan alarllar Ve | cep E M c
Demirbas S. onemli doga  alanlar1  {izerine
etkilerinin irdelenmesi
Trakya ve Karadeniz bdlgesinde
Angin S. 2011 | Y2yhis gosteren Mus (Linnaeus, 1758) | pory | gy M |R
(Mammalia: ~ Rodentia)  cinsinin
RAPD-PCR analizi
Alpagut- Genetic  differentiation ~ among
Keskin . N.. | 2010 perlpheral populations of bombl_na PGD, H G R
etal ' bombina from Thrgce and Anatolia: | AD
o An allozyme analysis
Status and activity patterns of the
ilemin Y. And caracal, Caracal caracal (schreber,
i . 2010 (1776), in datga and bozburun|SD LM F L
Giirkan B., . .
peninsulas,  southwestern turkey:
(Mammalia: Felidae)
Studies on the ground beetles
Avgin  S.S. (Coleoptera: Carabidae) of the saghk
and Emre 1., 2010 plain - Gavur Lake Marsh area, ™ I w L
kahramanmarag, Turkey
Durmus  A. Breeding ecology of night heron
And  Adizel | 2010 | (Nycticorax nycticorax Linne,1758) in | DT B w L
0., the lake Van Basin, Turkey
Furman A Cryptic diversity of the bent-wing bat,
| 2010 | Miniopterus schreibersii (Chiroptera: | PGD SM M R
et.al. P . N
Vespertilionidae), in Asia Minor
A study of genetic variation in
Soézen E. And endemic plant Centaurea
Ozaydin B., 2010 wiedemanniana by using RAPD AD P G L
markers
The distribution of epiphytic lichens
on Uludag fir (Abies nordmanniana
Oztiirk S. and (Steven) Spach subsp.
Giiveng S., 2010 bornmuelleriana (Mattf.) Coode & S| P F L
Cullen) Fs along an altitudinal
gradient (Mt. Uludag, Bursa, Turkey)
Kaveaci A L_ong-term post—fire _succession of
”| 2010 |Pinus brutia F in the east|DR E F R
et.al. ;
Mediterranean
Firincioglu Assessment of grazing effect on two
H.K., et.al. 2010 sub-shrubs (astragalus schottianus and DR P G L
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. Sp Geo-
Authors Year |Title EBV Group Hab Scale
thymus sipyleus) dominated mountain
bozoglan GLs in the semi-arid central-
southern anatolian region of turkey
Genetic  structure of Chorthippus
parallelus (Orthoptera:  Acrididae:
Korkmaz . . )
EM. etal 2010 Gomphocermae) populations  in | PGD | G C
' Anatolia; A stable rear edge
population
A gis-based approach to assess the
Albayrak T. population size of kriipera€™s
and Erdogan | 2010 | nuthatch, sitta krueperi at a newly | PA B F L
A, found breeding area in inner anatolia:
(Aves: Passeriformes)
. Determination  of the  genetic
?{isglgnl\(:lélfnd 2010 relationships between v_vil_d olive (Olga PGD p = R
ED. europaea oleagter) varieties grown in
the aegean region
Ecological land classification and
- mapping based on vegetation-
&Zill(:onylé' And 2010 | environment hierarchical analysis - A | HS E F L
' case study of Buldan F district
(Turkey)
Kavgaci A., Cedar F communities in Western
et.al. 2010 Antalya (Taurus Mountains, Turkey) HS E F R
Ecological features of the Pinus pinea
¥aro| O. And 2010 | Fs in the north-west region of Turkey | HS E F L
el AZ
(Yalova)
. Ecological interpretations of
Sabahaddin 2010 | rangeland condition of some villages | TD P G L
U., et.al. A .
in Kirikkale province of Turkey
» Ecological analysis of chironomid
S[Z;(Ian N., 2010 | larvae (Diptera, Chironomidae) in|TD | w L
o Ergene River Basin (Turkish Thrace)
Mikrosatellit ~ temelli  markorlerle
Caglar E. 2010 | Centaurea  nivea' daki  genetik | AD P G R
cesitliligin belirlenmesi
Nil yumugak kabuklu kaplumbagasi,
Giicli O. 2010 Tr@onyx. triunguis (Testudines: PGD H C c
Trionychidae), populasyonlarinin
genetik yapisi
Bugdaycil'in (Luscinia svecica) Dicle
Mungan R. 2010 |Kus  Halkalama  Istasyonu'ndaki | MB B G R
(Diyarbakir) gé¢ dinamigi
Bolkar daglarinda (Nigde-Ulukisla)
YildizZ. M. | 2010 |Yasayan Rana holtzi Werner, 18981 r by 1y WL
(Anura:Ranidae)'in populasyon
dinamigi
Mapping and  monitoring WL
Balcik B. F. 2010 | environment by analysis different | EEF E w L
satellite images and field spectroscopy
A Phylogeography of the greater
Ef['.!j_m R, 2009 | horseshoe bat, Rhinolophus i%D SM F C

ferrumequinum (Chiroptera:
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. Sp Geo-
Authors Year | Title EBV Group Hab Scale
Rhinolophidae), in  southeastern
Europe and Anatolia, with a specific
focus on whether the Sea of Marmara
is a barrier to gene flow
A change detection analysis in the
Dogru A.O., 2009 Izmir bird pgradise: Integration <_)f EEE E W L
et.al. remote sensing and geographic
information system
Occurrence  of  the  critically
Giicii  A.C endangered mediterranean monk seal,
"7 | 2009 | monachus monachus, at olympos-|SD,PA |LM C L
et.al. - .
beydaglar1 national park, turkey
(mammalia: phocidae)
Mitochondrial diversity of European
pond turtles (Emys orbicularis) in
. Anatolia and the Ponto-Caspian
Fritz U. Etal. | 2009 Region: MT old refuges, hotspot of AD H w R
extant diversification and critically
endangered endemics
Evaluation of the NDVI in plant
Dogan H.M., 2009 community composition mapping: A ECET E = L
et.al. case study of Tersakan Valley,
Amasya County, Turkey
Terzioglu S Monitoring F structure at landscape
”1 2009 | level: A case study of Scots pine F in | HS E F R
et.al.
NE Turkey
Spatiotemporal changes of landscape
Giinli A., pattern in response to deFation in
et.al. 2009 Northeastern Turkey: A case study in HS E F L
Rize
Mitochondrial HVI sequence variation
Sert H. Etal. | 2009 |in Anatolian hares (Lepus europaeus | AD SM M R
Pallas, 1778)
Age and growth of the Southern
Uziim N. And Crested Newt, Triturus Karelinii
Olgun K., 2009 (Strauch  1870), in a lowland PSA/SCs | H w L
population from northwest Turkey
. Conservation biology of Asperula
Gicel S. and 2009 | daphneola (Rubiaceae) in Western | DT P G R
Se¢men O.,
Turkey
Aslan  EG Diversity pf Alt_icinae (Coleoptera,
and Ayvaz.Y' 2009 | Chrysomelidae) in Kasnak Oak F|TD | F L
B Nature Reserve, Isparta, Turkey
Onmus O, Distribution of breeding birds in the
et.al. 2009 gediz delta, western turkey: (Aves) SD,PA 1B w L
Lycaenid butterflies (Lepidoptera:
Kovanci O.B., 2009 L)_/caenidae) of _northwestern Turkey PA TD |I M R
et.al. with notes on their ecology and current
status
The phylogenetic relationship between
;I:[(.);I.(ar c.0, 2009 | populations  of  marginally and @(IBDD P F R

sympatrically located Pinus halepensis
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Mill. and Pinus brutia Ten. in Turkey,
based on the ITS-2 region

Tavsanoglu
C., and
Cosgun U.

2009

Effect of goat browsing on growth
form of maquis species in Kopriili
Kanyon National Park (Antalya,
Turkey)

HS

Bociik
et.al..

H.,

2009

Plant diversity and conservation of the
North-east Phrygia region under the
impact of land degradation and
desertification  (Central  Anatolia,
Turkey)

DR

Ocak A., et.al.

2009

An  investigation of  diversity,
distribution and  monitoring on
Poaceae (Gramineae) species growing
naturally in Bilecik province at the
intersection of three
Phytogeographical regions (Northwest
Anatolia - Turkey)

TD

Ezer T., et.al.

2009

The succession, habitat affinity, and
life-forms of epiphytic bryophytes in
the Turkish oak (Quercus cerris) Fs on
Mount Musa

TD

Bakir Y.

2009

Achillea multifida (DC))
(Asteraceae)'nin koruma biyolojisi ve
koruma genetigi

AD

Kirca S.

2009

Belgrad Ormani (Istanbul) gevresinde
peyzaj devamlilik degerlerinin
belirlenmesi iizerine aragtirmalar

EEF

Ozdirek L.

2009

Estimation of demography and
seasonal habitat use patterns of
Anatolian mouflon (Ovis gmelinii
Anatolica) population in Konya
Bozdag protection area using distance
sampling

DT

LM

Ozdemir
et.al.

A,

2008

Embryonic mortality in loggerhead
turtle (Caretta caretta) nests: A
comparative study on Fethiye and
Goksu Delta beaches

DT

Giirel F., et.al.

2008

Life-cycle and foraging patterns of
native  Bombus terrestris  (L.)
(Hymenoptera, Apidae) in the
Mediterranean region

Turkozan O.
And Yilmaz
C.,

2008

Loggerhead turtles, Caretta Caretta, at
Dalyan beach, Turkey: Nesting
activity (2004-2005) and 19-year
abundance trend (1987-2005)

PA, DT

Uzun A. Et.al.

2008

Year-to-year variation in clutch size
and breeding success of the little egret,
Egretta garzetta linnaeus, 1766, in
turkey

DT

Inac S., et.al.

2008

The bird species of Kumasir lake
(Kahramanmaras-Turkey) and a view

TD
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of environmental ethics on sustainable
WL management
Kaynas B.Y. Species richness and abundance of
and Giirkan | 2008 | insects during post-fire succession of a | DR E F L
B., Pinus brutia F in Mediterranean region
F cover change and fragmentation
Cakir G, et.al. | 2008 | using Landsat data in Magka State F | EEF E F L
Enterprise in Turkey
Kadiogullari Spatial and temporal dynamics of land
Al and | 2008 | use pattern in Eastern Turkey: A case | HS E F R
Baskent E.Z., study in Giimiishane
Genetic  differentiation of Abies
equitrojani (Asch. & Sint. ex Boiss)
Mattf. populations from Kazdagi,
KayaZ. etal. | 2008 Turkey and the genetic relationship PGD P F R
between Turkish firs belonging to the
Abies nordmanniana Spach complex
Isozyme variation in four natural
Kurt Y., etal. | 2008 | populations of Cedrus libani A.Rich. | AD P F L
in Turkey
Contribution to the knowledge of the
Korkmaz H., 2008 syntaxonomy_anq ecology of macchie ™ p M R
et.al. and F vegetation in Paphlagonia, north
anatolia, Turkey
Allozyme variation in Rattus rattus
Yigit N. Et.al. | 2008 | (rodentia: muridae) in turkey, with | AD SM M C
particular emphasis on the taxonomy
Abundance of syntopic newts, Triturus
Mermer A, karelinii (Strauch, 1870) and Triturus
et.al. 2008 vittatus (Gray, 1835) in Uludag PA H w L
National Park (Bursa, Turkey)
Land cover change assessment in the
Akkartal . A. | 2008 _belek Flan_d with multidate satellit_e ECET E = L
imagery using change vector analysis
technique
Samsun-Tekkekdy-Haciosman
ormani  ve Samsun-Bafra-Balik
Hiiseyinova 2008 gi.éller.in.de yayllls gi')ster.f?n bam bi:cki ECET E W L
R. tirlerinin grime stratejilerine gore
siiflandirilmast ve bitki fonksiyonel
tiplerinin belirlenmesi
Yukar1 Seyhan Havzasi'nda uzaktan
Meydan algilama  yontemleri ile  arazi
2008 | ortiistiniin - siniflandirilmast  ve bazi | NPP E F R
Tagkinsu S. . T
orman mescerelerinde verimliligin
modellenmesi
Doga korumada siirdiiriilebilir bir
Hepcan yaklasim, ekolojik aglarin
Coskun C. 2008 belirlenmesi ve planlanmasi: Cesme- EEF E M L
Urla yarimadasi 6rnegi
Tiirkiye'nin kuzeyinde yayilis
Selguk E. S. 2008 | gosteren  Yediuyur, Glis  glis | PGD SM F C
(Linnaeus, 1766) (Mammalia:
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Rodentia) populasyonlarinin RAPD-
PCRile analizi

Giindiirii U.

2008

Bat1 Karadeniz ve Trakya'da yayilis
gosteren Mus L., 1758 (Mammalia:
Rodentia) cinsinin allozim
varyasyonlari

PGD

SM

Celik A. D.

2008

Tagkoprii-tekcam  sarigam  (Pinus
sylvestris L.) klonal ~ tohum
bahgesindeki cigeklenme fenolojisi

Kravkaz S. 1.

2008

Kastamonu  yoresindeki  Crocus
spp-nin fenolojik 6zellikleri

Kaya S.

2008

Poecilimon  birandi  (Orthoptera,
Phaneropterinae) algak ve yiiksek
rakim populasyonlari: Ekolojik ve
temporal farklilasmanin fenotipik ve
genetik verilerle incelenmesi

PGD

Ayaz D., et.al.

2007

Population estimate and body size of
European pond  turtles (Emys
orbicularis) from Pazaragag
(Afyonkarahisar/Turkey)

PA, BM

Fontaine M.,
et.al.

2007

Elevation and exposition rather than
soil types determine communities and
site  suitability in Mediterranean
mountain Fs of southern Anatolia,
Turkey

TD

Aslan A. And
Erdogan A.,

2007

On the distribution of the white-
spectacled bulbul, pycnonotus
xanthopygos (hemprich & ehrenberg,
1833), in turkey

SD, PA

Ilgaz C., et.al.

2007

Population decline of loggerhead
turtles: Two potential scenarios for
Fethiye Beach, Turkey

PA

Balkiz
et.al.

0.,

2007

Range of the Greater Flamingo,
Phoenicopterus roseus,
metapopulation in the Mediterranean:
New insights from Turkey

PA

Arikan
et.al.

H.,

2007

Some comments on the breeding
biology of Pelodytes caucasicus
Boulenger, 1896 (Anura: Pelodytidae)
from Uzungdl, northeast Anatolia

Isfendiyarogl
us., etal

2007

The Caucasian black grouse Tetrao
mlokosiewiczi in Turkey: Recent
survey results and conservation
recommendations

SD

Firincioglu
H.K. and
Seefeldt S.S.,

S

2007

The effects of long-term grazing
exclosures on range plants in the
Central Anatolian Region of turkey

DR

Saygili F.and
Yigit N.,

2007

Notes on the nesting and breeding of
Delichon urbica (Linnaeus, 1758)
(Aves: Passeriformes) near Kopriikdy
(Kizilirmak, Turkey)

P, DT
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Evaluating land use/land cover
Sivrikaya F., 2007 chan.g«::-s and .fragm_entation in the HS E E L
et.al. Camili F planning unit of northeastern
Turkey from 1972 to 2005
Quantifying the change detection of
Tagil S 2007 | the Uluabat WL, Turkey, by use of | HS E w R
Landsat images
]éazsl;enr:jt Spatial and temporal dynamics of land
B . 2007 | use pattern in Turkey: A case study in | HS E F L
Kadiogullari S
Inegol
Al.,
Temporal changes in F landscape
Keles S., et.al. | 2007 | patterns in artvin F planning unit, | HS E F L
Turkey
Assessing the potential distribution of
Gottschalk the Caucasian black grouse Tetrao
T.K.,, etal. 2007 mlokosiewiczi in  Turkey through SD B G R
spatial modelling
Morphometric  and  biochemical
Colak R., variation and the distribution of the | AD,
et.al. 2007 genus Apodemus (mammalia: | PGD SM M ¢
Rodentia) in turkey
Age, size and growth of the endemic
Miaud C et.al. | 2007 | Anatolian mountain frog Rana holtzi | BM H W L
from Turkey
Demirkdy-igneada longos ormanlari
Kavgaci A. 2007 | ve c¢evresinin bitki toplumlar1 ve | TD P F L
kurulus 6zellikleri
Autumn migration dynamics, body
Didrickson mass, fat load and stopover behaviour
Kesapli O 2007 | of Wllow Warbler( Phylloscopug MB B w L
’ trochilus 1758)at Manyas Kuscenneti
National Park ( Northwestern Turkey)
Genetic differentiation of
— Liquidambar orientalis mill. varieties
Ozdilek A. 2007 with respect to matK region of PGD P F R
chloroplast genome
Ankara-Golbasi gevresinde Centaurea
Savci E. A. 2007 | tchihatcheffii ~ Fisch. &  Mey. | PA P G R
(Asteraceae)'in biyo-ekolojisi
Sex ratio of a population of Anatolian
Gir H. And ground squirrels  Spermophilus
Barlas N., 2006 xanthoprymnus in Central Anatolia, PSA/SCs | SM G L
Turkey
An observation on the reproductive
Ozkan B., 2006 | biology of Glis glis (Linnaeus, 1766) | P SM F R
(Rodentia
Ecological constraints on breeding
KosztolAjnyi 2006 system evolution: The influence of DT B c L

A., et.al.

habitat on brood desertion in Kentish
plover
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Elmaz C. and The breeding success of Chelonia
Kala M. 2006 | mydas (L. 1758) and Caretta caretta | DT H C L
y M (L. 1758) on Kazanli beach
Distribution and diversity of ground
Avgm S.S., 2006 |beetles in Bagkonus mountain | TD | F L
National Park of Turkey
Asan . .
Baydemir N A study on the br(_eedlng_ biology of
| 2006 |some bat species in  Turkey |DT SM M L
And Albayrak N
] (Mammalia: Chiroptera)
Change of habitat fragmentation and
Tagil S. 2006 quality in the pahkesw plain and its EEE E M R
surroundings with landscape pattern
metrics (1975-2000)
Gézcelioslu A study on Mus domesticus Rultty,
£ 2005|1772 and Mus macedonicus Petrov | AD SM U R
B., et.al. e
and RuzA
Annual cycle of activity, reproduction,
Gir H., Gir 2005 and BM of_anatollan ground squwre.ls BM., P SM G L
M.K,, (Spermophilus  xanthoprymnus) in
Turkey
Variability in natural populations of
Anopheles sacharovi (diptera:
Yurttas  H, 2005 | Culicidae) from southeast Anatolia, | AD | W L
et.al. .
revealed by morphometric and
allozymic analyses
Tavsanoglu > . . .
C.and Girkan | 2005 Epst fire d_ynamlcs of Cistus spp. in a DR E = L
B inus brutia F
Perktas U. Birds of Nallithan Bird Paradise
And Ayas Z., 2005 (Central Anatolia, Turkey) D B W L
Genetic diversity within Anatolian
brown hares (Lepus europaeus Pallas, | PGD,
SertH., etal. | 2005 1778) and differentiation among|AD SM M c
Anatolian and European populations
Allozyme  variation in  Spalax
Kankilig T., 2005 Ieucodpn Nor(_jmann, 1840 (Rodentia: AD SM G R
et.al. Spalacidae) in the area between
Ankara and Beysehir
Population status of the Taurus frog,
Kaya U.et.al. | 2005 | Rana holtzi Werner (1898), in its terra | PA H W L
typica: Is there a decline?
Tirkmen Changes in floristic composition of
N.and 2005 | Quercus coccifera macchia after fire in | DR E F R
Diizenli A. the Cukurova region (Turkey)
Changes in Buprestidae (Coleoptera)
Kaym{s B.Y. 2005 | community with successional age after | DR E F L
and Giirkan B. L : .
fire in a Pinus brutia F
Breeding biology, population size and
spatial distribution of a common
Ozbahar 1. 2005 | nightingale (Luscinia megarhynchos | DT B G L

Brehm, 1831) population at Yalincak
(Ankara)
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Population structures of syntopic
Auer M. and 2004 | Emys orbicularis and Mauremys PSA/SCs H w L
Taskavak E., . . , DT
rivulata in western Turkey
Sert H. and The avifauna of Termessos National
Erdogan A., 2004 Park (Antalya-Turkey) D B F L
Population  densities of yellow
Uygur Set.al. | 2004 | starthistle (Centaurea solstitialis) in | PA P G R
Turkey
Mapping and monitoring of coastal
eBteglberog'” S+ 1 2004 WLs of Cukurova Delta in the Eastern | EEF E W |R
o Mediterranean region
Can Kesapl: A study of passerine migration at
d 2004 | METU (Ankara, Central Turkey) | MB B G L
) based on the mist-netting method
Giigliisoy H. Status of the mediterrapean monksgal, PA,
And Savas Y. 2003 | monachus monachus:, in the foga pilot PSA/SCs LM C L
monk seal conservation area, turkey
Variation of some morphological and
Turna l., 2003 | electrophoretic  characters of 11 |AD P F C
populations of Scots pine in Turkey
Aslan A. and A study on the ornithofauna of
NS 2003 | Sakaryabasi/Eminekin Pond and its | SD B W L
Kiziroglu I, C
vicinity
Yilmaz T. 2003 | Mogan golii ve gevresi dmeginde slak | ppp g WL
alanlardaki degisimin saptanmasi
Furman A Distributi_on of cave-dwelling bats and
And Ozgiil A. 2002 con_serva_tlon status of underground | SD SM M R
" habitats in the Istanbul area
Tezcan S. and Longhorn beetles (coleoptera:
. ' 2002 | cerambycidae) recorded in cherry | TD | A R
Rejzek M. .
orchards in western turkey
Genetics a physiology of cold and
Kandemir G. | 2002 | drought resistance in Turkish red pine | PT P F R
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