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ABSTRACT

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

Demi r bak,Sémijal ay an
DOCTOR OF PHILOSOPH)YEarth System Science
SupervisorProf. Dr.C. Can Bilgin
Co-SupervisorDr.UjJ ur S. rdanl e

September 202@05 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,
understandig 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 us&uct
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.
Essental 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 mettdology 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 noyet 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 firesl @noughts are shaping the

ecosystem structure and composition.

Keywords: Biodiversity monitoring, Essential Biodiversity Variables (EBVS),

Remote Sensing, Random Forest, Biological diner
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T! RKKYEGDE BKYOCEKKTLKLKK KZLEME ¢ALI k M/
BKYOCEKKTLKLKK DEJKKKENLERK ¢ERCEVES

DEJERLENDKRKL MESK

Demir bak,Sémhjal ay an

Doktora Yer Sistem Bilimleri

Tez Da nRdf braCn@an Bilgin
Ortak TezDané kbraujéeur S. ydanl e
Ey |l ¢ |,3089a2a0

Te¢rlerin, habitatl ar én, ekosistemlerin v
kull aném «kxekillerinin dej i kmesi , akKeéere
deji ki klijidenekendiayhlae fgaizl a tehdit edi |
izl enmesi , -evresel tepkil eri anl amayeé
kaybaydadel e etmek i-in acil eyl emler gel
baka -é&kmak ii-liektpolmetmikzael aorlé@a niayk t aneéer .
Biyo-exitliliji izlemenin uzun bir tarihi
verilerin adi/l ol mayan dajeéeléemé ve ¢ ke
bilgilerin etkild@ bir «kktkadidre. uAwmd ax,t ég
eden teknol oj ik gel i kmel er vV e a-éeék k a
geni kKl et mektedir. Temel TBO) yo- dkiytol ielkkii k
g%zl emlerinin standartl akteéer él mayséd éna av e
Yery¢ze¢ Gzl em Grubu Biyo-exkitlilik G°zl
Bu araktérmada, T¢rkiye' deki akademi k bi

g%z °n¢nde TBD [luenrdiunr auryagkunl uj u ar akt ér méext
durumunu dejerlendirmik; mekansal , zaman
Ardén@@dnl,ere ©°nceli k vermek i-in bir fiz
Uzaktan al gél aimai; | eulciulzi,r ,k odaarny caerece do]j
daj et eémeé sajl adej e i -in ke¢resel d¢zeyd
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oynamaktadér. Ancak bu teknolojinin ulusal d
Bu nedenle ayréeca, uwabktan a&lgéltamamaseinldar i
kull anéména bir ©°rnek sunul muktur. ¥rnek - al
séra yangén ve kurakl éjéen ekosistem yapeéseéen
seyrek Akdeniz ormanlarénda ger-eklexktirmixckt

Anahtar KelimelerBi yo-exki tl il ik izl eme, Temel Bi yo- el

Uzaktan Al geéel ama, Rastgele dejikkenler, Biyo
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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., 2@i¢onti et al.,

2016). Direct pressures mainly driven by human population growth and resource use
and they can be listeab land cover change, overexploitation, invasive alien species,
pollution and climate change (Pereira et al., 2012). Degradatiatwihecosystems
reduced biodiversity intactness (Newbold et al., 2016) and rapid depletion in "natural
capital" reveal the loss of ecosystem services which human wellbeing deypemd
strongly (MEA, 2005).A growing literature in the last twenty yegm®vides evidence

with the substantiatonnection 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 sertitat biodiversity
provides not only for sustaining the variety of life itself, but also securing the human

welfare

In scientific perspective @MbGlvetab @d4),i s t he
ihow u e gctonstto prebent diiversityl o s sd@ we, havé time to develop

more andexhaustn at ur al . Thesepquéstiohs?can only be answered by
understanding the status and trends in biodiversity globBly. monitoring is a

scalable questiorMcGill et al. (2014) argued about tlistinction betweeralpha

diversity and beta diversity. Measuring different components of bisiiyeat

different scales cannot be comparabled misguide the decision takers anextent

this discussionPereira et al. (201dhtroducedthe two components of biodiversity

change as biodiversity loss and biodiversity alterationfFigure 1.1). Simply



biodiversity loss is defined as thetiction of anallele or species locally @iobally

and biodiversity alteration is the response of biodiversity by shifting species

distribution or modifying the structure afcommunity.For example species would
most likely react ecosystem disturband®s shifting locally and colonizing new
ecosystemsThus a local scale monitoring might not reflect this cha&gein that

regardmonitoring biodiversity change at various aspects are needed to track to the

response of environmental change on gesgscies, communities and ecosystems

From remote sensing to in situ techniques, any monitoring effort will develop our

skills to better interpret the complex interactioesg(traits) and feedbacks.g

ecosystem functions) and matching various tempepaitial and biodiversity scales

(Scholes et al2012).
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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., 2012lowever measuring something in natunerely does not mean

monitor.

ng.
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repeatabl e applicati on (londennsapep and phikensat e f |
2010). Yoccoz et al. (2001), define monitoring as the process of collecting information

about some system state vates 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 tharalack of answers of these

fundamental questwlhat fiovhmoniot onoPi amwd ?h o

Monitoring can be science, managemeuotijcy-oriented.The policy decisions related

with a) prioritization of conservation efforts and managing vulnerable areas, b)
evaluation of the success of conservatinanagement, c) reporting international
obligations with solid parameters can be achieWonitoring is not an option for
nations anymore, it is an obligation to increase ecosystem integrity and resilience

against catastrophes such as climate change soiempacs.

In addition to theseonservatiororientedc oncer ns, todayods agend
(i.e. Sustainable Development Goals) also pushes monitoring by means of effective
management of natural resources. Ultimately, monitotige ar t hés tl i f e s

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 tatgehave been imposed on countries for preventing
biodiversitylossMeasur i ng biodiversity oO6globallyd
for to track the target: AreduceCBDhe rat
and approved by 190 countrieBaimford et al. 20095. However, therevas 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 notdévered 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 2@0DR0. Similarto previous targets,

the Aichi Targetshave been facing the sampmbems. 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 2largdis were not
achieved globally, (3) broader analysis conducted ®ithindicators revealed that
biodiversity was declining and the pressures behind this deelieencreased
(Butchart et al., 2010). Pereira et al. (2013) highlighted that the indicator problem
continued such that although almashundredndicators wergroposed, twehirds

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 intrinsitistraf
existingdatasuch thathe diversity, disorganized and scattered charaot@oses a
barrier in harmonization. The second one is theatially, temporally and
taxonomically datagaps(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 ithe temperate climate, developed countries, although the
biodiversity is more concentrated tropical, developing countries (Scholes et al.,
2012).Also the biased distribution svident in taxaomic perspective. Bonnet et al.
(2002) called this syndrome as fAtaxono
conducted a comprehensive analysis cmge134.321 publications. Their results
highlightedin terrestrial ecosystems among realms and plants among species groups
are the most studieth Europe and AsiaHgure 1.2). Globally, publications
distributed47.9% genetics, 68.4% species, 15.8 % edesyand 8.1% phylogenetic

level.

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

In accordance with CBD requirementsirkey had prepared its National Biodiversity
Strategy and Action Plan drsubmitted to th€€BD secretariain 2001, &ad updated
the strategy in 200@nd lastly in 2018. These national strategies have guyidkecy
and actions. In addition to several lsigitions and conservationcttons the

fundamental achieveents in monitoring perspective are;

1 National Biodiversity Inventory and Monitoring Proje@BENIS) (2013
2019): The project aimedthe generation of biodiversity inventory
countrywide.Occurrenceadata of vascular plants, mammals, birds, freshwater
fish, reptiles and amphibiangere acquired by field surveys and literature
reviews andcryptogamic plants and invertebrates were reported by literature
review only.In each province inventory report the areas to be monitvere
identified

1 Species ActionPlans (203) : The Ministry of Forest
seta target to accomplistD0 Species Action Plans by 2023most all of the
SAPs action plansighlight the importance dhe monitoring of species.

T Noahds Ark National Bi oléo@iologedlcatBi ver si
especially species records collected by UBENIS pr@eacdt Species Action
Pl ans have been stored in Noahoés Ark 1
Currently the database includes 852.813 point records from 14.334 taxon in 81



provincesThe dispersed biodiversity datasnow 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, ron-governmental organisationsalso act as important ampts in
biodiversity monitoring. Although their efforts particularly focus on endangered
charismatic species (i.e. Mediterranean Monk Sdah@chus monachjssea turtles
(Caretta carettaand Chelonia mydasand flamingos Rhoenicopterus rose))stheir

role in poviding 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 dher nations, mnitoring activities are very much limited by financial
constraintsFigurel.3 shows theannual budget of The Ministry of Forestry and Water
Affairs, General Directorate of Nature Conseima and National Parks (GDNCNP
which was presented in the yearly Status Reports on Nature ConserviNg NP,

2020). Although we do not know the shafenmnitoring investmentst is visiblethat

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 lesvd-urthermore, in USD terms the budget

is even below 2012 levels. Turkithi & 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 exclggrate 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 iediity 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 theabovementioned challenges on a global scale, clear priorities need to be
set to guide the development of biodiversity monitoring systems worldagdential
Biodiversity Variables (EBVsjocus on a limited number of measurements that are
crucial for chaacterizing global changes 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 hagenerated the list of EBVs. These are similar to Esdentia
Climate Variables (ECVs) 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 obseration level.



As aforementioned before, indicatbased 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, €088).

To gererate the effective minimal set of variahlédlowing criterions were set as
follows (Scholes et al., 2012, Pereira et al., 2013)

1 Meeting the operational requirements of Aichi targets

1 Repeatable and applicable for current and future user needs

1 Scalablefrom local to global

1 Complement to various biodiversity aspects

1 Not raw data and n@nindicator, intermediate information between these
two levels

1 Sensitive to temporal changes

1 Comprehensive for different taxa and different realms (terrestrial, freshwat
and marine)

1 Feasible

EBVsidentify a condensedet of primary observations necessary to support the long
term multi-purposedatafor biodiversitymonitoringat various levels (Pereira et al.,
2013).

The EBVframework Figurel.4) standon the primary observation datarivedfrom

in-situ or remote sensing systems. EBVs are combined from primary observations and
bridges towards indicator&EBVs covers all aspects of biodiversity and serve to assess
Aichi Targets. The EBV products together wathcillaryinformation such as drivers

and pressures, management and policy responses serve the generation of future
scenarios for policy and managemealecisions (UNEP/CBD/SBSTTA/17/INF/7,

2013.
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Figure 1.4. EBVframework Source:UNEP/CBD/SBSTTA/17/INF/2013

EBVs, thedetails about measurement and scalabditg their temporal sensitivity
and global feasibility are presentedTiable1.1. EBVs mostinstrumental attribute is
their relations withan international target such as Aichi Targeand Sustainable
Development Goals (SDGsphis information are also added to the table. The links
were already mentioned Bereira et al., (20131;EOBON @013 and2017) and
Kissling et al. (2018). However the SDG links in species traits and genetic
composition were missing thus | linked the associated goahankiedit with red.
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Tablel.1. Essential Biodiversityariables (GEO BON, 2(B)

iNaturalist).

. Temporal . Li.nk.with Link
EBV Measurement and scalability e Feasibility Aichi with
sensitivity
Targets SDGs
Co-ancestry Pairwise relatedness among individual{ Generation | Available for many species but few populations, an{ 12 12, 14,
or inbreeding coefficient of selected time little systematic sampling over time. 15
species, withimnd 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,
= selected species (e.g. endangered spe time locations, but little global systematic sampling. 15
3 and domesticated species) at multiple
g— locations (statistically representative of
S the species distribution).
o | Population Gene frequency differentiation (Fst an¢ Generation | Data available for many species but often for a limi{ 12,13, 15 | 12, 14,
@ | genetic other measures) among populations or| time number ofpopulations. Easy to augment datasets. 15
T | differentiation a subpopulation compared to the meta
O population of selected species.
Breed and Number of animals of each livestock | 5to 10 Largedatasets have been compiled by national 13 12
variety diversity | breed and proportion of farmed area | years organizations and FAO for livestock breeds, but the
" under each local crop variety, at multip is insufficient systematic sampling for coverage of
5 locations. local crop varieties.
% | Species Presence surveys for groups of specie{ 1 to >10 Presence surveys are available for a larger numbel 4,5,6,7, | 3,6,
g_ distribution easy to monitor, ovean extensive years species than population counts and can make use { 8, 9, 10, 14,15
S network of sites with geographic existing distribution atlas. Some efforts for data 11, 12, 14,
0 representativeness. Potential role for compilation and integration exist (GBIF, IUCN, May 15
3 incidental data from any spatial locatiol of Life). There is an increasing trend for data
;).’_ contributed by citizen scientists (Observado,
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Tablel.1. Essential Biodiversity Variables (GEO BON, 2013) (continued)

lifetime it may be a useful surrogate.

. Temporal . Li.nk.with Link
EBV Measurement and scalability sensitivity Feasibility Aichi with
Targets SDGs
Population Population counts for groups of specie{ 1 year Population counts underway for a significant numb¢ 4,5, 6,7, | 3,6,
" abundance easy to monitor and/or important for of species in each of the foWing groups: birds, 8,9, 10, 14, 15
5 ecosystem services, over an extensive butterflies, mammals, plankton, important fisheries,| 11, 12, 14,
= network of sites with geographic coral reef fishes. Most of these extensive networks| 15
g_ representativeness. geographically restricted. Much of the data are
S currently being collected by citizen science network
® Population Number of individuals or biomass of a | 1 year Available for some managed species (hunting and | 4, 5,6, 7, | 3, 6,
'S | structure by given demographic class of a given fisheries),usually geographically restricted. 8,9, 10, 14, 15
8 | age/size class | taxon or functional group at a given 11, 12, 14,
v location. 15
Phenology Timing of periodic biological events for| 1 year Several ongoing initiatives (Phenological Eyes 10, 15 13, 5
selected taxa/phenomena at defined Network, PhenoCam, ClimateWatch, etc.), some
locations. Examples include: timing of making use of citizen science contributions.
breeding, leaf coloratioflowering,
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.
'S exploitation sites).
» | Natal dispersal | Record median/frequency distribution ¢ >10 years | Banding/marking andbservation data available for | 5, 6, 9, 10, | -
2 | distance dispersal distances of a sample of some birds, mammals, turtles, fish, temperate treeq 11, 12, 15
(%’_ selected taxa. In marine species larval
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Tablel.1. Essential Biodiversity Variables (GEO BON, 2013) (continued)

studies.

. Temporal I Li.nk.With Lipk
EBV Measurement and scalability - Feasibility Aichi with
sensitivity
Targets SDGs
Migratory Presence/ absence/ destinations/ 1to>10 Banding/ marking/ tagging and observation data 5, 6, 10, -
behaviour pathways of selected migrant taxa. years available some birdsnammals, turtles, fish and 11,12
butterflies.
Demographic | Effective reproductive rate (e.g. by 1to >10 Data available for sonfésheries, birds, mammals, | 4,6,8,9, | 14,15
traits age/size class) and survival rate (e.g. K| 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| 1 to >10 Some data available for corals, lizards, amphibians 4, 6, 8,9, | -
‘é traits tolerance or metabolic rate. Assess for| years and insects. 12,15
5 selected taxa at selected locations
<4 expected to be affected by a specific
2 driver.
Taxonomic Multi-taxa surveys (including by 5-10 years | Many intensive longerm research sites have 8,10, 14 14, 15
diversity morphospecies) and metagenonats excellent but uncoordinated data, and there are
S selected in situ locations at consistent abundant baseline data foany locations in the
= sampling scales over time. Hyper terrestrial, marine and freshwater realms.
S spectral remote sensing over large Metagenomics and the possibilities of remote sens
£ ecosystems. are emerging fields.
3 Species Studies of important interactions or 5-25 years | Some studies have monitored the structure of speq 7, 9, 14, 15| 14, 15
2 | interactions interaction networks in selected interaction networks such as mutualistic networks
S communites, such as pladitird seed (pollination and seed dispersal), soil food webs,-ho
S dispersal systems. parasite and herbivofgantinteractions. There is a
§ lack of global or regional representativeness of theg
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Tablel.1 Essential Biodiversity Variables (GEO BON, 2013) (continued)

Ecosystem function

N Temporal - Li'nk'with Link with
EBV Measurement and scalability _ Feasibility Aichi SDGs
sensitivity
Targets
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 greenne situ measurements exists (FLUXNET 15
and selected in situ locations (eddy covariance and some global maps based on mod
and remote sensing are available.
GCOS is also addressing this EBV.
Secondary Measurement of secondapyoductivity for 1 year FAO and national statistics on fish an| 6, 7,14 2,6,14,
productivity selected functional groups, combining in situ, livestock production. 15
remote sensing, and models. Example functior
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 som 15
locations. Can be combined with models and acid-deposition areas; phosphorus
remote sensing to extrapolate regionally. retention monitoring in some impacte
rivers and estuaries.
Disturbance Type, seasonal timing, intensity and frequency 1 year Abundant data is available for several 5, 7, 9, 10, | 2, 6, 14,
regime eventbased externalisruptions to ecosystem perturbations, sometimes at the globg 11, 14, 15 15

processes and structure. Examples: sea surfa
temperature and salinity (RS), scatterometry fg
winds (RS), trawling pressure (in situ ), flood
regimes (in situ ), fire frequency (in situ , RS),
cultivation/ harvest (RS), windthroand pests

(in situ ).

scale, although harmonization and
integration is needed.
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Tablel.1. EssentiaBiodiversity Variables (GEO BON, 2013) (continued)

functional type

marine ecosystem models) are based
functional groups.

N Temporal . Li.nk.with Link with
EBV Measurement and scalability e 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 heighlor depth) classes globally o RS (e.g., LIDAR). Marine and 14,15
regionally, to provide a-8imensional 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 Globalmaps of forests, assessment o| 5, 7, 10, 14, | 2, 6, 11,
extent and global mapping (satellite observations) of fragmentation for major river basins, | 15 14,15
fragmentation | natural/semnatural forests, wetlands, free and local to regional maps of coral
running rivers, coral reef live cover, benthos reefs already exist, but comparable
o cover, etc. observations over time are limited ang
5 a distinction between natural and
g modified ecosystems (e.g. natural
2 forestsversus plantations) is often not
= made.
% 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
(&)
|




1.3.The Objective and Scope of the Thesis

Turkey has remarkable biodiversity however this diversity is exposdettimental
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 sustainatdeelopment. Major progress has
been achieved in biodiversity monitoringabational 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 exchageable between data providers and users.-€ftesttiveness can only be
assured by strong coordination between agencies, governments andT#é @xus

of this dissertation is guiding the terrestrial biodiversity monitoring in Turkey using
the Essential Bdiversity 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 assesthe status of biodiversity mooiting with empirical data and highlight the

spatial, temporal and taxonomic gaps in accordance with EBVs

3) to present opportunities for future actiangdata acquisition, data integion and

data delivery phases of monitorirapnsidering the technicakills alreadyin Turkey,

4)to generate a framework fqueryingthe feasibility of EBVs in Turkeyconsidering

the political, technical and economic dimensions of monitgring

5) to test the feasibility of remote sensing in monitoring ecosystgétha ase 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 defamtand 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 | highkgtyt remarks for

Turkey, if they exist. Several policy instruments and recommendations guide the

monitoring effort together with several contributarence,| have summarized this

vast topic by calling them fAagemdwstd and c¢comp
policy perspective at three scales: international, regional and national. Moreover, |

introduced the complicated issuesated withbiodiversity monitoring addressed by

sever al aut hor s. This section is ?fooll owed L
section and comprises the subtitles focusing
AHow to monitor?0 by choosing optimal sampl.
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 pnogrand the

academic research. Here | focused on active monitoring programs which have been
executed by NGOs or governmental -teomgani zati o
monitoringo. Since the monitoring data is
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 Consation 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 woul@ lbepeated 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. Sometbé 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 studi eoriinhdgpe pbi oido vieo s iotfy
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, eigdls and strong attributes of
accumulated knowledge. Lastly, | focused on guiding the future of biodiversity
monitoring with an emphasis on potential opportunities and the currenb&thie

art.

Chapter 4, addresses the feasibility of EBVs for Turkey 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 ogli¢de
findings of Chapter 3 and literature reviewtowever thisramework is not limited

to specific circumstances such as particular ecosystems or cases, S0 anyone can use
this framework to choose between EBVs and identify priorities for future studies. The
development in certain criteria, for example including citigeientists or the reduced

cost of a survey method can make an option feasible in fidere, my motivas not

to offer a set of EBVs, but rather to present a basin for vision change. Current
tendencies are often constricteyg customary practices andlbits. 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 resooe-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
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with enhanced technical qualificat®rof recently settled orbit satelliteSeveral

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 iqrtd 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 i mage gal l erlyand tegponat resolation 2 6 s
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 diversityThe main objective of this chagtis 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 recolemgscape 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 improtzén design and implementation, data management

and storage, analysis and reporting phas@sonitoring.
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CHAPTER 2

BACKGROUND OF BIODIV ERSITY 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).

AWhy are there so many kinds?0o, AWhat i ¢
representatives?o, AWhy i s there an ord:¢
systenat i ¢ ways ?o0. These are gquestions wer
they are still topical. Plato was the fi/
itself in the greatest diversityo as fApr

was not centrally natureriented, Aristotle put living world to the object of his studies.
He is generally acknowledged asfaunder of biological sciences since he had
developed biological descriptions and classifications. He emphasized to consider any

living organism (from thereepiesto the most spectacular) in the same way, with his

saying Ain al/l natur al things there is
2009).

Swedish botanist Carl Linnaeus introduced a systematic classification fag livin
organisms in the 1700s. This classification includes hierarchical levels stating from
the most i ndlewsil Wwe tfos pehcei enso st exclusive
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developed a binomial nomenclature system for naming species. However, this

classificdion includes taxa from the species (least inclusive) to the kingdom (most

i nclusive). Linnaeusos classification i s b
organisms. Additionally, after Dar wi nos evolution theor
taxonomists directed towasgbhylogeny which reflects the evolutionary historyhef

organisms.

Wilcox (19%5) defines biodiversity as: Anthe variet

they perform, and the genetic diversity they

During the Earth Summit (United Nationsoiference 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 arenaisTdefintion by

CBD (UNEP, 1992)i s st i | | t he most acknowledged one
means the variability among living organisms from all sources including, inter alia,

terrestrial, marine and other aquatic ecosystems and the ecologigallexes of

which they are part: this includes diversity within species (1), between species (2) and

o f ecosystems (3).0 The Gl obal Woerlddi versity
Resources Institute (WRI)nternational Union for Conservation of NatfegCN),

United Nations Environment Programme (UNERHe Food and Agriculture

Organization (FAO)and the United Nations Education Scientific and Cultural

Organization (UNESCOJWRI/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
speciesrichness is often used. Species diversity is asnsideredin 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 ecoldgal 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 bionmevel.

Noss and Cooperrider (1994) extended the
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.o0o Wi th this def i
processes are also highlighted.

2.1.1.Biodiversity Decline in Anthropocene

Human civilization was develeg by the modification of nature, invading wilder

areas and consuming natural resources. Vitousek et al. (1997), st&i@elo3f the

land surface had been transformed by humans. However, over two centuries this
occupancy has pushed its limits and haslacated tremendoushnd now this era is
named as 0 A(auker, 0DGO).cTaism med definition marks the human
interference to nature whose metabolism is impacting by the dominant force as
humankind. Millennium Ecosystem Assessment (MEA, 2005) nathedglobal
chall enges that threats biodive#+Pslicyty as
Platform on Biodiversity and Ecosystem Services (IPBES) report (2019), ranked these
impacts in their magnitude as (1) changes in land and sea use; (2) diedagan

of organisms; (3) climate change; (4) pollution and (5) invasive alien species.
Consequences of &égl obal changed6 include
natural cycles, and also so@conomic systems. Some important indicators ahge

related to human activities within the last century are showialohe2.1.
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Table2.1. Somendicators of change caused by human activities (Crutzen, 2006)

Indicator Increase/| Change Factor
Decrease| (1800s1900s)

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 Ocegq - 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
(Pereira et al., 2012). However, the speed, intensity and selectivity of biodiversity los

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 dfiodiversity over the last few centuries has been highlighted

as Asixth mass extinctiond (Ceball os et
concluded with almost 75% of species loss within a geologically short period of time.
Considering the previous &7 ext i ncti ons throughout ear
history, mass extinctions had triggered new formations or dominance such as from
anaerobic bacteria through oxyggenerating algae. This innovation of life forms
enabled recovery. Also, some abrupampes 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 dsitece 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
gl obal change as menti oned bbalizadian,e as
modernization, and economic development are major smoaoomic drivers which

cause the land cover changes, expansion of urban and agricultural areas, deforestation,
overharvesting, pollution and alteration of ecosystems which cause invasn
infection. These changes not only responsible for biodiversity crises but also for
climate change. These glolmaisesare connected and trigger each other. Biodiversity
change is both a cause and an important indicator of threat. Another catasirophe i
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
knowl edge of the past. Losing divemrsity
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 n
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survival and welbeing depend on nature. In the following title, this utilitarian

approachisedpai ned further as fAecosystem services:{

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
componats 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, ahwaste assimilation are fundamental samples of ecosystem services
that humans benefit from nature (MEA, 2005). Beside tlesenples intangible

benefits such as cultural values are also provided by nature.

Ecosystem services can be categorized into §woups 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 funchs; 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 relattd experiencing the
nature; spending time, ddeping 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 appaches. 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 lifencearth. 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 speciasofrforest timber products, area of a national park as a
recreation opportunity). However, species richness and composition are also effecting
mainly supportingand regulating services (Tilmaat 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 stieciand intraspecific diversity during the last

gl aci al maxi mum ( M®dai l and Diadema 20009
Caucasus and Irandnatolian hotspots meet in Turkey (Mittermeier et 2011) and

Turkey is the only country where nearly @stire area is covered by three hotspots
(kekerci oj I(kigurez2). al ., 2010)
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Figure 2.2. Biodiversity hotspots of TurkefNoroozi et al.2019)

In Turkey,1 68 mammal s (kekerci o(ghdiuziertojallu,, 2200018)),,
fish (Kuru, 2004), 11 turtles, 63 lizards, 55 snakes (129 reptiles) and 28 amphibians
(Baran et al., 2012) existhenumbers are updated with ongoing efforts. The updated

taxon numbers are presentedable22( Zeydanl e et al ., 2020).

Table22. Taxon numbers (Zeydanl é et al ., 2020

Approximate

Species Group number

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

Plant richness and abundance of endemic plants has been an interesting topic when
consideringoiodiversity of Turkey. New plants are discoveeggbroximately at a rate

of more than one species per weekof(¥zhatay :
plants associated with the IUCN Red List is preseméable2.3.
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Table23. The distribution of plans according to

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

Red List of Plants 10 422 | 774 | 705| 1541 22313 3678
(EKkim 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 centéie
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 asrunt), onion

and garlic Allium), barley Hordeun), wheat Triticum), oat Aveng, chickpea
(Cicer), lentil (Leng, pea Pisum, grape Vitis), almond Amygdaluy plum Prunug,

and sigarbeet Betg. There are five micrgenecenters 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 spe@s. These micrgenecenters 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, Tokagnd Amasya provinces, (4) Kayseri Province and its surroundings, (5)

U (

Ajré Province and it.s surroundings (FAO,

In addition to species richness ecosystem richneséssan enormous value for

diversity. The wilderness areas and-gldwth forests camibutes to the functional

and composition diversity of Turkey (Zey

lands, wetlands, inland waters as well as mountain, coastal and marine ecosystems
diversify Turkey. CORINE land cover map (2018) whighs showd inFigure2.3
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 esystemdiversity is presented iRigure2.4. 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 aD01)
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Another contribution was done by Atalay et al. (2014) for assesngcoregions of
Turkey(Figure2.5).

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 naturalatapital
Turkey. Energy consumption and demand toward hsdigotric power plants together

with irrigation projects cause huge destructions in freshwater ecosystems and
wetlands. Overgrazing and erosion degrade steppes and rangelands. Forest fires,
deforestation 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
Kahraman et al. (2@) listed the major activities threatening the gene pool of Turkey

as oveigrazing 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, uamization, 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 biodiversityelated international treaty obligations; the treaty
secretariats and United Nations orgatimns; norgovernmental organisations (both
national and international), and a variety of mostly science institbtsed
biodiversity information centers involved with the monitoring and conservation of
biodiversity. In this section, the agents are gexl 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 indirectlyConvention on BiologicaDiversity
(CBD) is mentioned frequently in previous sections since its particular focus on
biodiversity. However other conventions for instance UNFCC@itéd Nations
Framework Convention on Climate Chapgand UNCCD U(nited Nations
Convention to Combat Bertificatior) mandate environmental monitoring and
suggest standardized monitoring terminology at ecosystem level for monitoring
mitigating greenhouse gasses or desertiiice Among these treaties, biodiversity
monitoring politically and also scientiaily are significantly mentioned in CBD. The
COPs (Conference of the Parties) are triggering the topic and enables the generation

of many ot her I nternational organi zations.

L http://www.mfa.gov.tr/ulkemizintaraf-oldugubaslicacevreanlasmalari.tr.mfa
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achieving its targets are given in detail. Admhally, Sustainable Development Goals

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

Table2.4. International treaties that Turkey has been ratified

and Natural Heritage

Annotation Name Year |Place Ye_a.r Of.
ratification
Ramsai Convention on Wetlands 1971 |Ramsar 1994
Convention on International
CITESA Trade in Endangered Speci| 1973 | Washington | 1996
of Wild Fauna and Flora
Convention on the
BernA Conservation of European |1976 |Bern 1984
Wildlife and Natural Habitat:
United Nations Framework Rio de
UNFCCCA |Convention on Climate 1992 ) 2004
Janeiro
Change
TheKyoto Protocolon the
i United Nati F k
Kyoto A nited ations Framework | 1997 | kyoto 2009
Convention on Climate
Change
CBD * Cpnve_rltlon on Biological 1992 Rio d.e 1996
Diversity Janeiro
The Cartagena Protocol on
Cartagendd |Biosafety to the Convention| 2000 | Cartagena |2004
on Biological Diversity
UNCCDA | United Nations Convention |\ g0, | i 1998
to Combat Desertification
Barcelonak Mediterranean ACtI.On Plan 1995 |Barcelona |2002
Barcelona Convention
ELC The European Landscape | 0 | £iorence | 2003
Convention
Convention concerning the
UNESCO Protection of World Cultural 1972 | Stockholm |1983

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

Convention on Biological Diversity (CBD) is the mastportant 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, UNER002)s e t t h e otaahiegpeby 20B0sa it
signiycant reduction of the current rate of
nati onal l evel as a contribution to poverty
Eartho. Similarly, t we n tefinedundenfieetstsategico b e met
goals as Aichi Targets in 2011. These goals are;

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

1 Strategic Goal B: Reduce the direct pressurediodiversity and promote
sustainable use

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

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

7 Strategic Gal 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 voluntaplyrtiag 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 causediearudelivery of
messages to decisionakers (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 otheispsraond
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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). Tittetsh (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 spatiagesve

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-2@&0 global biodiversity

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

Turkey had prepared fAThe National Bi ol og
201820280 and contributed " NatonahRepditivasTar ge't
presented to CBD secretariat. The report section in achieving Aichi targets (Section

V) left empty.
2.3.1.2.Sustainable Development Goals (SDGS)

United Nations is the key organization in defining the global agenda in sustainability
perspective, it aims tbring 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 tb&l avar 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 icypahd action

2 https://chm.cbd.int/database/record?documentiD=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 signatire: (1
The Convention on Biological Diversity, (2)nited Nations Framework Convention

on Climate Change, (3) United Nations Convention to Combat Desertificatnen
Millennium Development Goals (20#D15) were the results of these Earth Summits.

In 2015 theUnited Nations General Assembly adopted the 2030 Agenda for
Sustainable Development, along with a set of seventeen goals-Z280b
(Figure 2.6) to erd 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, integratadd transformative vision for the world.

_ NO GOODHEALTH QUALITY GENDER
) POVERTY AND WELLBEING EDUCATION EQUALITY

SUSTAINABLE i
OALS -

GLEAN WATER DECENT WORK AND INDUSTRY, INNOVATION 1 U REDUCED

1 SUSTAINABLE CITIES
AND SANITATION ECONOMIC GROWTH AND INFRASTRUCTURE INEQUALITIES

AND COMMUNITIES

A

2 | nida

1 CLIMATE 1 LIFE 1 LIFE 16 PEAGE, JUSTICE 1 PARTNERSHIPS
ACTION BELOW WATER ON LAND I‘:INSI%ISTIUHT%JI?S FOR THE GDALS

Y | &

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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clealy 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
DevelopmenGoal 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) highligld 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 demiaistnegative 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 SciencePolicy 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, lotgyrm human welbeing and sustainable

development itps://ipbes.net/history-establishmen). It rooted from Busan outcome

t hat decl ared nAan Hpalidy @latigron ioe biodivessityt aad SCi ¢
ecosystem servicesshodd be establishedd in UNEPOGs Th
and multistakeholder meeting on an intergovernmental scipotiey platform on

bi odiversity and ecosystem services in 2
includes six interlinked elementsnstituting a sociaécological system that operates

at various scales in time and space:

1 Nature
T Naturebds benefits to people

1 Anthropogenic assets;
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1 Institutions and governance systems and other indirect drivers of change;
71 Direct drivers of change

1 Good quéty of life.

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

objectves and fourteen sutibjectives.The three topics are;

1. Understandinghe 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. Measuringbusi ness i mpact and dependence on

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 19#&arnesses 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 measunesded to safeguard it

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

conservation and sustainable development.

1 CECi Commission on Education and Communication: promoting easyst

based approaches for the management of landscapes and seascapes,

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

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

! WCEL i World Commission on Environmental Law: advancing
environmental law tcstrengthen the legal foundations of conservation of
nature and sustainable development

T WCPA1T World Commission on Protected Areas: developing knowledge
based policy, advice and guidance on the full suite of issues surrounding
protected areas

The most ackneledged 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 extinctioof ispecies.

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
pi oneer ebda séerda tsuoddaionsitoocansedve 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 igtarernmental organizations, national
governments, secretariats of multilateral environia@esgreements, international and

national norgovernmental organizations (NGOs), the private sector, and academic
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and research institains. Its mission is defined a8t o provide aut hor it
information about biodiversity and ecosystem services in a thvalyis useful to

decisionma ker s who are driving change in envirol
Specifically, they collaborate with data access, data management, data processing with

biodiversity information systems. Apart from several online tools apadrts, 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.unepnycmc.orgj.

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 highligiriddinderlined 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. GEOO6s gl obal priorities | mmdblede suppor
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
generatd the Global Earth Observation System of Systems (GEOSS) and has already
made more than 400 million data and information resources accessible online
(www.geoportal.orly The national and regional providesuch as The National
Aeronautics and Space Administration (NASA) and European Space Agency (ESA);
international organizations such as World Meteorological Organization (WMQO) and
the commercial sector such as Digital Globe contribute the-sparce datgortal.

Two flagships (GEO Biodiversity Observation Network (GEO BON), Global Forest
Observation Initiative (GFOI)); eight initiatives and five community activities are
actively working in GEO umbrell&he 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. kgliskal initiative to promote

and coordinate the development and delivery of biodiversity indicators for use by
several international conventions and treaties such as CBD, &10APBES They

guide the indicator development and selection by setting stdiP 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 landgefinesearch and

knowledge, agriculturehftps://www.bipindicators.nét/

2.3.2.Regional Policies and Organizations

2.3.2.1.European Union Legislation

European Union has developed strong legal tools to protect biodyacsdss 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 threatedsblt 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 migkatds 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 inastdangered 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 pratectestared.

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 @iagetof Nature
Conservation and National Par ks. Recently AT
the National Nature Protection System for Implementation of Natura 2000

Re qui r e mechhasheen pxecntpd by GDNGN#Pwhich Central Anatolian

Region & studied |{ttp://natura2000.ormansu.gov)ir/

The 2030 Biodiversity Strategy of EUdefines key commitments in the following
elements;

{1 Establishing a larggEU-wide network of protected areas on ladl at sea,
building upon existing Natura 2000 areas, with strict protection for areas of
very high biodiversity and climate value.

1 An EU Nature Restoration Plama series of concrete commitments and actions
to restore degraded ecosystems across the EROBY, and manage them
sustainably, addressing the key drivers of biodiversity loss.

1 A set of measures ®nable the necessary transformative change: setting in
motion a new, strengthened governance framework to ensure better
implementation and track praggs, improving knowledge, financing and
investments and betteespecting nature in public and business decision
making.

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

4 https://ec.europa.eu/environment/nature/biodiversity/strateqy/index_en.htm
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2.3.2.2.New Agenda: European Green Deal

European GreenDédl s an action plan developed seq
Strategy for 20030 0en efifrEgly sstyrsatteengiienst efgr at i
ABCI i mate | awo. It focuses Ato boost the
cl ean, circular economyo and Ato restore
ambitious goal as making the Europe @imneutral 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 owention in 2002. Although this convention focuses the

marine realm, it has a particular impact on the development of a protected area
net wor k of Turkey by introducing a ne
Protection Areaso. T oofl theytotal proteeted @areaa r e a s

coverage (calculated from

Table2.7).

2.3.3.National Policies and Organizations

2.3.3.1.Governmental Organisations

The eldest institubn is General Directorate of Forestry and rooted back to the
Ottoman Empire. It was established in 1

5 https://ec.europa.eu/info/strateqy/priorities2019-2024/europeangreendeal/actionsbeing
takeneu_en
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Ministryo as t he na@Gbd 2020). Thefeviroansental @imesect or at e

such as pollution and illegal cdangs uct i ons wer e deal't by
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 chfgdaice (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 sgeparations 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 change® matiection and use of
natural resources cannot gain a wedtablished 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 Forestrgd 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 Forestmas 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 HydraWorks Figure2.7).
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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 leggslati® 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 ppgaase

and projects related to the subject, and to ensure coordination between the relevant
ministries and institutions in their I mp
Organi zationodo was established in 1978. EI
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 establishedenthe Prime MinistryThen, t 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. ThEigure 2.7 has been updated bydding these
milestones. IrFigure 2.8 the right hand side shows the international conventions and
treaties starting with Bern Convention and acceleratélae 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 Rgotocol.

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

1983, 2872 Environmental Law '
11996, CBD

11998, UNCCD
1991 Ministry of Forestry 1991 Ministry of Environment E

--2002, Barcelona Convention

i
{2003, European Landscape Convention
2003, Land Hunting Law - . H !
............................................ 2004, UNFCC
5004, Wildiire Fecerve Regaiation] 2003 Ministry of Environment and Forestry ,

2004, Cartagena Protocol

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

Theimportant developments in national policy perspective have been listed on the left
side of theFigure 2.8 also presented iffable 2.5. The 2873National Parks Law
become prominent among 35 laBsjlecree 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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Table2.5. Milestones in National acts and regulations

Year Act/ development
1956 6831 Forest Law

1958 Declarationof 'pr ot ect ed area; Yoz
1983 2873 National Parks Law
1983 2863 Conservation of Culturahd 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

Table2.6. Two types of protectiom-situ andexsitu have been established
2.3.3.1.1 Ex-situ conservation

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. At at ¢
banks and IstanbWwniversity and Aegean University have arboretums and botanical
gardens. Then, the National Seed Bank wa
13 institutes which had gene bankd 898(NBDSAP,1998 and raised to 16 in 2007
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(NBDSAP, 2007). The seedsf
Pl

ected unde

1997

endemic plants col l

ants Projecto between 1992 and are al

Ex-situ conservation of forest trees (seed gardens, origin trials, progeny trials) were
executed by the Ministry othe 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 ekshled to date (NBDSAP, 2007).

2.3.3.1.2In-situ conservation

The protected areas are under the responsibility of the matching directorates. Only the
biodiversity related departments are placed inTiale2.6.

Table2.6. The protected areas and responsible general directorates

Protected Areas

National Parks

Nature Parks

Nature Conservation Areas
Nature Monuments

Wildlife Conservation Areas

Ministry | Departments
GENERALDIRECTORATE OF
NATURE CONSERVATION AND
NATIONAL PARKS

Department of National Parks

Department of Vulnerable Areas

Ministry of Agriculture and Forestry

Department of Biological Diversity

Department of Hunting Manageme
Department of Nature Conservation
Department of Wildlife Managemen

Ramsar Areas

Nationally Important
Wetlands

Wetland of Local Importance

GENERAL DIRECTORATE OF
FORESTRY

Department of Nottimber Forest
Products and &vices Department
Department of Forest Management
and Planning

Protection Forests

Gene Conservation Forests-(
situ)

Seed Stands

Monitoring

2 GENERAL DIRECTORATE OF Special Environmental
© - CONSERVATION OF NATURAL | Protection Areas

« @ S | HERITAGE Natural Sites

> € © | Department oResearch and Natural Assets

% 2 € | Registration

£ Z 2 | Department of Conservation and

= uw>D
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Table2.6. The protected areas and responsible general directorates (continued)

Ministry | Departments

Protected Areas

GENERAL DKRECTO
CULTURAL HERITAGE AND
MUSEUMS

Headquarters

Provincial Organizations
Constant Scientific Committees

Ministry of
Culture and
Tourism

UNESCO World Heritage
Sites

Archaeological Sites
Urban Sites

Historical Sites

Urban Archeologial Sites

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

organismsTheyare important tools to conserve biodiversity and also improves the

wellbeing of the local community Stolton et al,

ecosystem services were presenteligure2.9.

SUPPORTING SERVICES

2015). The benefits through

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

2 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

»} 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, &Cdl5).

The distribution and coverage of protection statugpegsented in

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

IUCN categorization for protection status, 70 %

a7

of them has no equivalents in the



gl obal assess me,(2011) qkestikned the idesipnation adtributes bf .

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 exapgaasidering 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 diatidm of protected areas among

ecosystems types is not distributed fairly. Especially the grasslands, river valleys and

Medi terranean shrubl

Al so, At mék (2018)

Many public interest projects such as mining, tourism investments etc. get permissions

ands

c rni policycwiitreneptbtecteth @eass ur r e n t

are underval

even by changing the protedtarea status from one another.

Table2.7. The statistics faProtected 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 IV
Protection Forests 55 251.493 | No equivalent
City Forests 134 10.198 No equivalent
Gene Conservation Forestsn-(| 325 43.016 Category la
situ)

Seed Stands (imitu) 315 41.567 No equivalent
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Table2.7. The statistics of Protected Areas3asl2.2019 (MAF, 202@¢ontinued)

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

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

Ministry of Environment and | Number | Area (ha)

Urbanization Protected Areas

Special Environmental Protectiq 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 edtal.(@020)at ed. * *

2.3.3.2.Strategical Documents

2.3.3.2.1The 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 firstiy98and
updated the strategy in 2007 and 2018. These strategies were delivered to CBD

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

A Conservation and Sustainable Use
A Ecological Management
A Education and Awareness

A Incentives and Legislation
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A International Cupertino

A Implementation
2007 NBDSAP;

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

A GOAL 2: To use biological diversity components in a sustainable manner by
applying the met hod srrenawdl capdacity by takiegv el yt t i n
the future generationsd needs into accoun

A GOAL3:To identi fy, ttpercarpanents ofganetic diversite y
including the traditional knowledge, which have importance for Turkey

A GOAL 4: To identify, protect and mdor 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 resourcesgasdre
thefarande qui t abl e s h asarising outoof thetutilizatiob & n e y
genetic resources

A GOAL 5: To protect steppe biological diversity, to ensure the sustainable use
of its components, as well as to ensure the faireapdtable sharig of the
b e ntefyom the utilization of genetic resources; and to combat against the
loss of steppe biological diversity and the semtonomic results of that

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

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

A 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 ukesa ecosystems
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A

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 ecosysins

GOAL 10: To establish a mechanism for the implementation of the Biological
Diversity Strategy and Action Plan and the folloy of implementation and

reporting

2018 NBDSAP;

A

NATIONAL OBJECTIVE 1: Pressures and threats on biodiversity and
ecosystems willbe 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 ecosystetvtased conservatiorapproaches (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
thecountry 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 OBJECTIVE 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 higidded 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 -tengy plans and
programmes wilbe prepared

A 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 mafstructure will be established

Each NBDSAP differs in conterfiable2.8). Early efforts 1998 and 2007) more

focused on the identification of biodis#y 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. 1898 and 2007 NBDSAPs, major
universities and NGOs included in the preparation also, the documents had featured

the projects accomplished by nrgovernmental institutions. However in the last
NBDSAP, t he ot her agentséo partiaolypati on
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 (208) 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 otherhand, 2018 NBD8A acti viti es are planned to
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 fmonitoring 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 activitieslefimed as the number of projects

or pilot studies. However, no threshold was identified.
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Table2.8. Contents oThe National Biological Diversity Strategy and Action Plans (NBDSAP)

1998 2007 2018
A Overviewof A Overview of A Implementation
Tur key Biodiversity status of
Biodiversity A Presentation of NBDSAP (2007
A Presentation biodiversity and threats il 2017)
of accordance with National
biodiversity ecosystems Legislation
and threats ir A Crosscutting issues National
accordance A Strategic goals, priorities Biodiversity
with and actions Action Plan,
ecosystems A National Biodiversity Objectives and
A Identification Action Plan Actions
of Priority A Implementation Monitoring
Issues Mechanism Mechanism

A Strategy and A

Goals

Success criteria and the
outcomes expected in th

first five years

The previous NBDSAP4098and 2007) had considered the threats over biodiversity.
Also in 200PTNBDSAP a synthesis was done about the gaps and challenges, that were
listed thereonfit he | ack of sufycient coordinati
biological diversity studies, the nammmpletion of inventory studies, the non
completion of the setting up of a national database and monitoring unit yet, the

i nsufyci ent sandnteahrical osfaff ie the relevant institutions, the

insufycient number of academic researche

transfer, the poor level of staff and technical facilities for monitoring, the lack of

accessible available informatigand the most important ofall,theac k of r esour
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This GAP analysis was categorized into four groups: Human resources, financial

resources, infrastructure, legislation and institutional struckigei(e2.10).

HUMAN RESOURCES | FINANCIAL RES. INFRASTRUCTURE LEGISLATION INSTITUTIONAL STR.
© =z «»
o ©
5 | & & g g2
: 3 |: ez
_ = ) ) =
o frr} w 3| F- [ = o = e
z |z |2 |82 38 E | 3|2 |8|=z|35||E |28
z z 4 o i 3 o S g e = ] H g | = g
TARGET 812 |8(3|¢2|2]¢3 s [=|2|s|5|8|2|5.|2|3|¢
i & | ¥ |=[3|5|c8| a8 |2 |[2|&|5|2|8|2|2z|a|8&|%
- > w £ a w| Zo = P ® z = ° 2 z |So| 4 ° =
™ ™ ] = w Om & 4 = (<] w w =z S |0k | w = <
] ] u = E XS <] Z ., = = o = w i ([0<| = u 3]
o z e = w 5| <o 2 w2 o} < & w uw o |eZ| o s w
w E ° ] w | 0% = =2 | = = 7} o o o |oca| © o ]
@ 3 z 1 ~ w 35 o =3 = 5 3 X % ¥ | xZ| x = %
S| S| 8| s|9|a|ka| 2 |335|3|c|c|e|8|9|28 2|8]|¢%
- <] = ] ] = <@ - w< w = & - ] S |38| S o =
INVENTORY X X X X X X X X X
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RESEARCH & DEVELOPMENT X X X X X X X
INFORMATION MANAGEMENT X X X X X X X X

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 wstfuctured content,
detailed activity descriptions and time tables was the most comprehensive compared
to the otheNBDSAP.

2.3.3.2.2XI. 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, Agovernmental organisations and academia. The plan
highlighted the biodiversity and ecosystem integrity with the targets presented in
Table2.9.
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Table2.9. The biodiversity linked targets in thetevelopment Plan (2012023)

Goal Definition

364.3. | Theinfrastructure will be developed for production of chemical, flo
biological and radiopharmaceutical (nuclear) raw material

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

412.1. | Biodiversity inventory will be completed, important species and sp
areas will be monitored, sharing the benefits derived from ge
resources and related traditional knowledge mechanism wil
establishd for the purpose of recording traditional information base
biodiversity, and it will be made available for R&D purposes

416.2 | Studies carried out with priority in the fields of protection of biodivers
animal and plant breeding, biotechnology v supported within th
framework of cooperation of research institutes, public, university,
private sector

666 To ensure the sustainable dey
prevention of environmental pollution, biodiversity and natural ress.
conservation and sustainable usage is given priority

716 Biodiversity and genetic resources detection, registration, prote
sustainable use, development, monitoring and prevention of traffi
will be ensured, Benefits obtained from genet@urces and relatg
traditional knowledge will be sustained at national level

716.1 | The national biodiversity inventory is updated regularly condu
through research and monitoring studies, traditional knowledge bag
biological diversity is recordeand will be made available

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

716.3 | A mechanism for equal and fair sharing of benefits will be establi
for to acces to genetic resources and obtained from these resourc
traditional knowledge

717 Ecosystems and ecosystem services will be protected, restored ar
sustainably by increasing the number of protected areas on land a
and the effective managemt of protected areas will be realized

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

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

415.1 | National Forest Inventory study will be completed

415.2 | Capacity to combat diseases, pests and fires in forestry wi
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 Consent®n and National Parks (GDNCNRvhich is the top responsible

organization in the biodiversity monitoring topic is presented and assessed.

2.3.3.3.1National 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, habgaf ecosystems and | andscapes.

o f the state of bi odiversityo and they
analyze the change. After defining inventory as it, Stork et al. (1996) identify
monitoring as Arecondingeschde@eéeai tainadn

surveillance to ascertain the extent of compliance with a predetermined standard or

I n\

pro

as

degree of deviation from an expected nor mo.

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

Nati onal Par ks. Currently, al | of the 81

by literature eview and field surveys fdhe following species groups;
1 Vascular plants, mammals, birds, freshwéisdr, reptiles and amphibians.
And only literaure reviews for the followings;

1 Cryptogamic plants and invertebrate animals
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The project progress report svprepared in 2019 and covers statistics of 74 provinces
exceptsevepr ovi nces ( Mani sa, Mujl a, °NBelew, Mar d
statistics are presented in this progress report. Totally, 423.357 fauna and, 334.342
flora points were recordeddm 13.231 taxon out of 11.815 were plants. 539 local

endemic and 4305 endemic taxon were identifiledure2.11).

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
Figure2.12for floraandFigure2.13 for fauna. However, compared witigure2.23.

IUCN Red List Categories of speciesS o u r ¢ & Ark) &lnooat BO®O species were
assessed as CR. And it is surprising not to see any CR species in this assessment. So

corrections might have done within the last two years.

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

Fauna
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500 W LC- Least Concern
m NE- Not Evaluated
600 B NT- Near Threatened
B VU- Vulnerable
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) - - e
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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 regievall(Figure2.14).
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Regional
Monitoring

Monitoring
Habitats/
Ecosystems
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Species/
L

Populations
UBENIS ﬁ

Figure 2.14. Proposed monitoring scheme

Monitoring sites for flora and fauna are presented for the 65 provinéegure2.15
andFigure2.16 accordingly. And also the map of special sites for monitoring is given

in Figure2.17. For these 65 province®62 flora, 208 fauna and 236 special sites are
identified for monitoringThe proposed regional monitoring sitelsich 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.
IZLENECEK FLORA GOZLEM NOKTALARI
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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)

| overlapped these maps in PhotoShop software to understand the intersections with
special sites with flora and fauna sitéggre2.18). 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 completedffésert teams with
different approachesThe 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 poposed 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 EUNISemzlature, however no output has
been shared up to now related with habitat mapping section. A particular section has
been prepared related with naood plant and animal products and taxon with
economic values such as medical plants, grassland plaatspfoduction, genetic
material, landscaping and ornamental plants, bee plants, herbal plants etc. but

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

2.3.3.3.2Species Action Plans

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

to maintain the species status ifiagorableconservation or restoring it. A Species

61



Action Plan (SAP) is a scientifically authoritative aadstrategic 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, 20®eebirds Grus grus
archibaldii, Otis tarda, Tetrao mlokosiewi¢zithree fish Alburnus nasreddini,
Capoeta mauricii, Salmooruhensi}, five herpetofauna®canthodactylus schreiberi,
Darevskia Sapphirina, Rafetus euphraticus, Vipera anatolica, Vikeezaako\), one
invertebrate Eormica pratensiy eight mammalsfama dama, Felis chaus, Hyaena
hyaena, Meriones dahli, Monachuys monachus, Monachuys monachus, Myomimus
roachi, Myotis brandti and nineteen plantdbgris halophile, Ajuga xylorrhiza,
Alysaim nezaketia, Astragalus beypazaricus, Crocus speciosus subsp. Xantholaimos,
Erodium hendrikii, Ferula mervynii, Fritillaria baskilensis, Iris peshmeniana,
Ornithogalum malatyanum, Hypericum malatyanum, Lilium candidum, Polygonum
samsunicum, Pseudodelphim turcicum, Rhodothamnus sessilifolius, Salvia siirtica,
Scilla mesopotomica, Thermopsis turcica, Tulipa orphanidea, Verbascum
eskisehirensis, Verbascum yurtkuranianuim total thirty nine SAPs had been
prepared and published between 2013 and 2016 eploets 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 onl

changed.

DemirbasCaglayanand Bilgin (2018) have ewvadted the performance of SAPs

according to the various criteria presented by several authors (McGowan et al., 1998;

Fuller et al, 2003; Sande et al2005; AEWA, 2005;Nagy, 20009; Kov8cs ani
Williams, 2012; DAD, 2013; IUCN, 2016). The SAPs condensed amtpland

endangeredpecieskKigure2.19).

7 http://www.milliparklar.gov.tr/lyabanhayati/turkorumasube/
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Figure 2.19. Distribution of species among IUCN Red IGsttegories (The proposed categories in
the SPAs are evaluated)émirbasCaglayan 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 dorisien

l ong term desired state of the species a
contributions during its life spa@MART (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 anvagtis to be performed and what is
needed for it. An evaluation strategy at fedm 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 assessméntTable 2.10, coloursrepresent the
percentage of SAPs which meet the criterions in that species group. These 39 plans
provide very detailed information on theelihistory 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 asnbenber of individuals observed
during site studies, and a population estimate is only reported in a few SAPs. Only one
SAP included a population viability analysi¥aolygonum samsunicyrd015). 64% of

SAPs rank the threats and 66% provide stakeholder sisalMost (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 activitiese 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 S®dhjocoruhensis2013). Other SAPs
define monitoring activities on genetic (10%), species (100%), population (82%),
community (25%) and habitat (50%) levels.

Table2.10. Evaluation table of 39 SPAs according to thigerions

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 (Den@dgiayan
and Bilgin, 2018);

T

The
Di v

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 ecosystezh
dynamics.

Monitoring and galuation 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.
Monitoring actions are often described vaith detail. Welldefined sampling
schemes, monitoring requirements, or inclusion of population thresholds are
needed.

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

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

About half of the target species rang

important to covethe whole range of the species within Turkey to develop

conservation actions.

23333Noahdés Ark Nati onal
Diversity Database

most i mportant devel opment is the
er sity( Akag canbdass2009e Biologichal . cata especially species

records collected by UBENIS project and Species Action Plans have been stored in

Noahds Ark National Bi ol ogi cal Di vers
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generated in 2007hé data entry has been shifted withtional effort after the
UBENIS project was initiated in 2018igure2.20).

2000000

1800000 1747574
1600000
1400000 1350743
1200000

1006 559
1000000

800000
600000 518 642

200000

400000 ‘ ‘

0

Data Entry

142007-2014 ®42014-2016 w2017 2018

Figure220.Pr ogr ess of data entry in Noahds Ark (Source

The database includes 852.813 point recoiéigufe 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 GDNCNR @ strict

restrictions, no data has been shared even with the data collectors. For to collate the

dat abaseds accessibility information, I have
search enginewith the following keywordsf inuhun gemi ain@ OOPMRAveri:t
Abiyolojik -exkitliliko / fAnoahlhesresalisk 0 OR fAda
(33) only mention the existence of the database but none of the studies presents its

data or an analysisy use of the biological data. Similarly, none of the N@&Osld

acquire data from theathbase 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 (Soud® a h 6 s Ar k)
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Figure 2.23. IUCN Red List Categories of speceSo ur ¢ s ArkkNo a h 6

Bilinmiyor

NE-Not Evaluated
LR-Lower Risk (A
LC- Least Concer.
VU-Vulnerable (Z
EN-Endengered (T.
CR-Critically En...
NT-Near Threaten...
DD-Data Deficien...
CD- Conservation...
EX-Extinct (Tuke...

The above numbers are presented in the offic
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 -gomernmental organizations
contributing on a voluntary basis to the conservation and sustainable use of biological
diversity, including public awarenessising and education in particular BRSAP,

2007). This section presents, partial number of works accomplished by NGOs with a

brief history.

The el dest society was established in 1955
Nature Protectiono. Il ts main fromunedal was ¢ omb:
problems. Their early efforts together with IUCN support had dedduprotection of

wetlands ie. Bird Paradise National Park). And in 1975, the Society for Nature
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Conservation (DHKD) and WWFTurkey were established. Up to 1995 the NGOs
expertise mostly had rooted in forestry and biological science. After Habitat Congress

the number of NGOs has risand 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 and0E have contributed the N
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 volunteeranging from various age groups, bird
watchers and nature photographers were contributed to the civil movement.

The status of NGOs was summarized in NBDSAP9g with these exact words:
fiConcepts of environment and biodiversity were introduced to ¥ iwk&overnment

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 conservatitiiaes 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 étopped
Their role was evolved from raising public awareness and execution body of
conservation and also they present necessary technical expertise in sophisticated
analyses. Some tiiese works were mentionedNiBDSAP (998and 2007) and the

rest of them were scientifically credible and acknowledged regularly (such as

important plant are key biodiversity areas etc.).

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

(Caretta carettaand Chelonia mydasaccording to IUCN redlist VU and EN status
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accordingly) had identified by the Society for Nature Conservation (DHKD), WWF

and Dokuz Eyl ¢ University. I n accordance
annexedpr ot ocol s, AMarine Turtle Monitoring an:i
been formed in 1990. Until then the sea turtles are the species whose monitoring has

been done regularly.

Mediterranean Monk SeaNediterranean Monk SeaMnachus monachyss 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
spedes. 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). Adas estimated that
there were B0-400 individuals between 198@91. And less than 50 live along the
coastline of Turkey according to NBDSAP908. This number was raised to 100 in
NBDSAP (2007). In 1991 an International Conference for the protection of
Mediterranean Monk Seal haddreorganized 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 Mediteaaniglonk Seal Research

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

Wetland management projecihe Society for Nature Conservation (DHKD) was an
official partner of BirdLife International and WWF. And DHKD had executed sgver
projects in several wetlands the early 1990s (NBDSARJ. 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 the NBDSAP are listed ihable2.11.
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Table2.11. Some project examples executed by NGOsrardioned in NBDSAPs

Project name Responsible NGO Reference
1992 nCoast al N Society for Nature NBDSAP,
Tourism i n -Bek &Conservation (DHKD) and 2007
WWF
2001 Black Vulture Aegypius Former Bird Resarch NBDSAP,
monachusConservation Foundation (KAD), Nature | 2007
Research foundation (DAD
The Sustainable Forest Utilizatia TEMA Foundation, NBDSAP,
and Conser vat i ¢Natural Conservation Cent| 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 Mediterraneatr
Monk Seal

Ex-situ conservationtn addition to the efforts performed by ministry and universities,

there were two remarkable private examplesisext u conser vation. Ne
Botanical Garden and Karaca Arboretum. Both owners and investors are the founder
members of The TurkisRoundation for Combating Soil Erosion, for Restoration and

the Protection of Natural Habitats (TEMA).

The comprehensive biodiversity conservation projdwse been compiled by
Zeydanl e et al . (2020), among t hlecegd pr oj

in Table2.12, togethemith other items not mentioned I there (such as red list studies).
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Table2.12. The comprehensive biodiversity conservation projgcessy danl é et

Name NGO Year
Important Bird Areas Society for Nature
Conservation 1990,1997
(DHKD
Important Bird Areas NatureA Society 2004
(Doj a De
Important Plant Areas WWEF- Turkey, 2003
DHKD
Southeast Angtolla GAP DHKD 20012004
Analysis
Lower Caucasus GAP Analys TEMA 20042006
Key Biodiversity Areas Nature Society 20052007
Anatolian Diagonal Biodiversit Nature
Project Conservation 20062008
Center (DKM)
Black Sea Rgglon Syst.ematu DKM 20102011
Conservation Planning
RedList of Butterflies DKM 2011
Mediterranean Region
Systematic Conservation DKM 20142019
Planning
Flora of Turkey Flora Research
Society, Nezahat
Go kyi it .
Garden, Ali Nihat 2019¢
Gokyi]
Foundation
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In recent years the observation carriedlmubature photographers are highly inflated
and increase public awareness. The leading media platforms exist for birds
(TRAKUS®), butterflies (TRAKEL), mammals (TRAMEM? and herpetofauna
(TURKHERPTIL!Y). These web platforms are successful instants dfroievements

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 chaagearious

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 feedbacke .@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 esomaf diversity in the same point

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

Hellawell (1991) stressed theefinition of the terms; survey, surveillance and
monitoring. Surveyi s fan exercise in which a set
observations are made, usually by means of a standardized procedure and within a
restricted Pueeliarwat aof bei Mded.i ned as fAan e x
surveys, undertaken in orderprovide a time series, to ascertain the variability and/or
range of states and val ues whinanitoringis ght b e

filntermittent (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/kelebeker/?fsx=@

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

1 hitp://www.turkherptil.org/
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extent of complianceith a predetermined standard or the degree of deviation from

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

1. simple monitorings recording a single variable at one point over time

2. survey monitoringaims to establista 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

3. surrogate or proxy monitoringcompensates for the lack of previous
monitoring by using suagate information to infer changes

4. integrated monitoringises detailed sets of ecological information.

Nichols and Williams (2006) proposed two comprehensive groups for monitoring:
surveillance monitoring and targeted monitoring. Surveillance monit@img 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

proteced areas are successful to protect a particular species.

Furthermore, Lindenmayer and Likens (@Plgrouped monitoring into three

categories as follows. This categorization is more widely accepted.

1. Passive / curiosity driven monitoring: This group of ntoring is devoted to
curiosity. A hypothesis and a pdefined 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
undestanding in ecological processes.

2. 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 regiomatand
concentrated on causality rather the effort is condensed on identifying trends

and state of the environment.
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3. Questiondriven monitoring: This group is engaged in scientific research. A
clear monitoring question is defined with a conceptual modetaperimental
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 a
Awhat should be monitored?0 and AdAhow sh
questions for betteguiding 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 supportprogres
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 warningegys The stochastic,
successional and cyclical changes in ecosystems can occur simultaneously or
be superimposed. The adversefavorableimpacts of these changes may

present an insight about future response and condition.
Lindenmayer and Likens (20} contributed this list with the following items;

4. Establishing baselines against a change or extremes can be evatugted (

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

In summary, the importance of monitoring can be listedodlews (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 havetéonyg partly
synergistic, partly cumulative effects which can only be understood by long
term monitoring.

4. Data from longterm stidies can provide a foundation for the early detection
of potentially harmful effects over various levels of biological entities.

5. Given the eveincreasing 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 érttated 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 teemreconfusion,
Lindenmayer and Likens (20)Luse the definition of lorgerm monitoring as an effort

to continue beyond 10 years without interruption. Measuring something simply in
nature is not monitoring. More precisely monitoring needs a particuéstiqn, an
experimental design, a conceptual framework, and data integrity through the

repeatable application of appropriate field protocols (Lindenmayer and Liker®3, 201

In this section, | present the global status of biodiversity monitoring in geeees
and ecosystem level. Under each-sitlb, | 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 sugior attributes to the next generation. Genetic diversification
triggers speciation and it is important for species responses especiatiidaging

and harsh environmental conditions. The genetic diversity among species delivers
ecosystem resilience & 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 endanged species and forest management. Also, habitat fragmentation
affects the genetic pool and causes homogenization.

On the other hand, the variability of gen
of agriculture. Food security and safety is higtidypendent on crop genetic diversity

( FAO, 2015) . Monitoring genetic diversit
valueo of genetic variation such that t he
resilience in future. However, it is hard to mentia 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 thid fiad 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;

1 Domesticatd animals are plantsThe diversity of domesticated species is
being lost at farm scale due to the intended choice of the most productive seeds
etc. Also in landscapscale, the wide monoculture destroys the traditional
varieties.

1 Socioeconomically and eogically important species:Socioeconomic
species benefits human for food, shelter, medicinal, energy and-bateé

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

1 Culturally valued speciesThese species have particular attention for local
communities, symbolic endangered species, financially valuable local breeds

are examples.

Several molecular tools have generally accepted standaddararused 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, foritororg
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;

f The Genomic Observation Network (G&s)s 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
ecosystemgOcean Sampling Day) with coordinated, standardized collection
and sequencing of seawat er . Dokuz Eyl ¢l
(Kopf, 2015). Ocean Sampling Day Consortium commits to monitor marine
microbial biodiversity same day annually.

1 The Eurogan Molecular Biology Laboratory (EMBP) EMBL is an
intergovernmental om@nisation established in 1974generated the
International Nucleotide Sequence Database Collaboratiomwoiks to
establish links and initiate collaborative projects between sd®imig€urope
and the wider world.Turkey is not a member state.

1 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 hitp://www.genomicobservatories.org/
13 hitps://www.embl.org/
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sequencing facilities, the informesi 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 piobadersity
observation system. Ankara University is representing Turkey.

2.4.2.SpeciesLevel Monitoring

Speciedevel is the most practical and observable tool thus, inevitably efforts had
condensed on composition diversity at the species level; identificatid 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 curref/raillions 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

discoveed 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, theataidies
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
Shineand Bonnet (200) had reviewed 32000 record®9791998) 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 9.2 00 2) called this syndrome as
another study, Donaldson et al. (2016) confirmed the extreme bias towards threatened
vertebratesKigure2.24). In the figure, letters represent species with a high number of
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papers published on (A) tigPanthera tigris (B) European eéhnguilla anguilla;(C)

common carfCyprinus carpio (D) Atlantic codGadus 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 groupdiirds, mammals and higher plants (Scholes et al., 2012). Balmfor

et al (2003), also reasoned this outcome since they are relatively speaiegoups
compared to others (i.e. invertebrates). The challenges at the species level were
described as (Cardot al., 2011);

1 The Linnaearshortfalt all of the species cannot be identified in a location

1 The Wallacean shortfall; dstribution of the species cannot be limited
geographically,

1 The Prestonian shortfall; the abundance of species and their changasan sp
and time are unknown,

1 The Hutchinsonianshortfall 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: spescthat 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 largeraar signify many other species; (4) flagships:
popular, charismatic species that seasesymbols; and (5) vulnerabpecies that are
rare, genetically impoverished, of low fecundity, dependent on patchy or
unpredictable resources, extremely variablepapulation density, persecuted, or
otherwise prone toextinction in humardominated landscapes. Beever (2006)

extended this list as presentediable2.13.

Table2.13. 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 areaensitive, dispersalimited, resourcdimited,
and ecological procedsnited taxa in a landscape

Indicator species Usually, those species @relatively speciesch single taxon
thought to represent biological diversity as a whole

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

rare) species more likely to produce lorterm successes (Habitat
generalists, speciagith high reproductive capacity)

Functional guilds Well connected to .1 aspect of ecosystem functioning;
i ndicate bot h compositio
neotropical migrant birds, granivorous small mamn
groundnesting birds)

Table2.14 showssome of the taxonomic lists which covers Turkey.
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Table2.14. The taxonomic listsovering 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 (ITIS}* 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

1.1 species rank. Of these 350,699 4
accepted species names.
The Global v3-2018 It aims to increase awareness an
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 ongoverned by Nez
2017 Botanical Garden. Scientific nam

and Turkish name, distribution
maps, threat category and

endemism status are shared in th
database

2.4.2.1.Taxonomic sampling

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

circumstances in a species group, some techniques are efficient foromtbe

1 https://www.itis.gov/

15 hitp://www.theplantlist.org/

16 hitps://eol.org/docs/whatis-eol

7 https://bizimbitkiler.org.tr/v3/demo/index.php#
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individuals in that groupTable2.15 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).

Table2.15. Accepted methods of monitoring for species groups

Taxon Monitoring technique Variable
Medium to| Line transects A robust estimate of specig
large richness, relative
mammals abundances and habitat us
Small Live trapping transects
mammals
Mammals | Capturemarkrecapture Relative abundance
Road traffic causalities
Medium to| Camera trapping Species richness, relati
large abundances and habitat us
mammals | Radiotracking collars Habitat use
Amphibians| Clutch counts and nest counts Population size
Trapping Species distribution an
abundance
Areabased surveys within defing Abundance and density of
plots and transects species or survey th
e-DNA amphibian fauna of a site
Auditory monitoring Abundance of male frog
and toads
But t e r Opportunistic data Species distribution
Standardised day lists Population panmaeters
Standardised counts in fixed transe Population trends
Plants Quadrats Density, frequency biomas
Transects
Quadrats along transects
DAFOR  (Dominant, Abundan{ Cover
Frequent, Occasional or Rare),
BraunBlanquet (5 classes up to
100 % cover, not of equal size) Don
(10 classes up to 100 % cover, not
equal size) scales.
Remote sensing Cover
e-DNA Species richness and spec
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 infonation 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) compar@®dscenarios 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¢bmposite index approach may misguide

the anal yst. For exampl e, Shannonoés diversit

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

The most significant developmemt species monitoring is engaging communities to
data acquisition and harmonizing this big data in giant networks. Engaging non
professional into groundased surveys decrease the cost of monitoring. However to
sustain the motivation of participants (Silicavn et al., 2013), the reliability of the
attained data (Buesching et, &015) are some of the problems highlighted by several
authors. Chandler et al. (2017) highlighted the contributions of citizen science as

follows;

71 Citizen science expands the coge of biological data spatially and
temporarily.

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

T The timing of n ascalepecésses sushanphenologyand r o a d

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

71 Citizen science can also contribute to process desktop jobs such as processing
identification of species (for example photographs taken by a camera trap
(Zooniverse projectsttp://www.zooniverse.oly and land cover types (Geo

Wiki http://www.geewiki.org/) and preparing images for further analysis

(http://forestwatchers.nét/

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

portals/networks are presented below.

2.4.2.3.1Global 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 promotpdahaazess

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 fofurkey is shown irFigure 2.25. The main data pr
Bird Observation Dataseto with a contri bu
fort he distributions of crop wild rel ati
AHessel bart h, Oorschot and Wagener Butte
Garden Edinburgh Herbariumo with a contr
European GeneticResourc®® ar ch Cat al ogueo with a cont
international data publishers contribute these data. There are two institutions in the
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community publisher I i st (Gebze and D¢zce

University contributed the data asiéd 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

StreetMap contributors, © OpenMapTiles, GBIF.

Generated 19 ho
EXPLOREAREA = T © K«

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

2.4.2.3.2e-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
Figure2.26, which covers 452 species and435 checklistsThe color tone represents

the species richness.
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Figure 2.26. Bird richnesf Turkey according te-Bird observations
(https://ebird.org/region/TR?yr=a)l

2.4.2.3.3Map of Life (MoL)

MoL provipdesssi bbb @edt s peci e s speciasnligie foriamyf or ma
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 fromnsrbkediJCN,

WWF, 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 indicatorseas speci

data coverage, habitats and protection gaps.mol.org.

2.4.2.3.4iNaturalist

iNaturalist is an online social network whose contributors are citizen scientists and
experts. Its mobile application interface provides comprakierbiodiversity 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 plathas 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.

Table2.16. iNaturalist Countrywide statistic$ips://www.inaturalist.org/

Country Observation: Species Identifier  Contributor
Turkey 78 506 8190 3431 4766
Greece 131804 10 112 4 383 6 620
Bulgaria 24 616 4153 2 098 1176
Iran 32950 3 856 2158 1525
Georgia 20092 2737 1161 836
Spain 748 284 18723 10 139 33 242
France 1696 925 24389 16 350 89 280
Italy 980 380 19 912 12 104 37 250

2.4.3.Ecosystem Level Monitoring

Humans are modifying landscapes over millennia. The magnitude aedttre 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
anymoe. 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 landise pactices 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 essenfiabr humandés s ur 204yFRoleye( De Fr i

al., 2005). MAELULC (Millennium Ecosystem Assessment lanske and landover

change) programme was focused to monitor the status and trends of ecosystems. Rapid
assessments produce information abgudéforestation and forest degradation; (ii)
degraded lands in the drylands and hygéd zones of the world (referred to here as
desertification, even though most definitions of desertification do not include-hyper

arid zones); (iii) cropland expansiand 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, compositiondastructure 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 (Olswilyhittaker et al., 2010)The configuration of
habitats reflects the ecological disturbansesh as fragmentation, degradation and

loss. Because of these reasons, many monitoring programs use ecosystems as a

conservation umbrella for biological diversitye( EBONE project).

Ecosystem level monitoring (structure and function) is executed ynimgttemote
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 ecosysteangeh,

regardless of their causal factors (Coppin, 2004).

Mostly acknowledged resources also available for Turkey extent are listed in
Table2.17.
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Table2.17. Major ecosystem monitoring products covering Turkey

Name Time Satellite Min. mapping
unit/width
USGS Global Land Cover 20 | 19921993 | AVHRR- MODIS 1km
International Geosphere 19921993 | AVHRR- 1 km
BiosphereProgramme MODIS
(IGBP) Land Cove¥® (Loveland
etal., 199)
Global Land Cover 2000 Proje{ 2000 SPOT 4 1km
GLC200¢°( Bar t hol o VEGETATIONZ
GlobCover Land Covét 20042006 MERIS-ENVISAT | 10 areseconds (~300 m
2009 MERIS-ENVISAT | 10 areseconds (~300 m
CORINE Land Covef 2000 Landsat7 ETM 25 ha/ 100m
2006 SPOT4/5 and IRS | 25 ha/100m
P6 LISS Il
2012 IRS P6 LISS lll and| 25 ha/100m
RapidEye
2018 Sentinef2 and 25 ha/100m
Landsat8
EUNIS (EuropeaiNature 2015 Derived from 100 m
Information Systent} CORINE, and other
ancillary data
Global Forest Watct NRT ref to LANDSAT 30m
20002012
VIIRS I-Band 375 m Active NRT VIIRS 375m
Fire Dat&®
Fire Information for Resource | Near Real MODIS 1 km
Management System (FIRM8)| Time (NRT)
NOAA-20/JPSSL ACTIVE NRT NOAA 750 m
FIRESY
ATSR World Fire Atlag 19952012 | ATSR-ENVISAT 1 km

18 hitps://www.usgs.gov/centers/eros/science/usgsosarchiveland-coverproductsglobatand

covercharacterizatiorglcc?gtscience centerobjects=0#aiscience center_objects

B hitps://daac.ornl.gov/ISLSCP_ll/guides/edc landcover xdeg.html

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

2L http://due.esrin.esa.int/page_globcover.php

22 hitps://land.copernicus.eu/pareuropean/corineland-cover

23 hitps://www.eea.europa.eu/dataand-maps/figures/ecosystertype-map-all-classesl

24 https://www.globalforestwatch.org/

25 https://earthdata.nasa.qgov/earthobservationdata/nearreaktime/firms/vl-vnpl4imagt

26 https://earthdata.nasa.gov/eartfobservationdata/nearreaktime/firms

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

28 hitp://due.esrin.esa.int/page_wfa.php
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https://land.copernicus.eu/pan-european/corine-land-cover
https://www.eea.europa.eu/data-and-maps/figures/ecosystem-type-map-all-classes-1
https://www.globalforestwatch.org/
https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms/v1-vnp14imgt
https://earthdata.nasa.gov/earth-observation-data/near-real-time/firms
https://www.star.nesdis.noaa.gov/JPSS/EDRs/products_activeFires_N20.php
http://due.esrin.esa.int/page_wfa.php

As presented iffiable2.17the sensors, together with landver classification systems

and classification methods varies completely. Also, different definitions of clagses (
Forest) make the comparison of differetassification 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 speciesi.€. Eucalyptus globulug and in biodiversity
monitoring perspective it is important to detect a native forest and an exotic plantation
complicated (Pereira et a006). Also in these global assessments, rare ecosystems
(i.e.wetlands and coral reefs) which should benitayed 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 foresictions 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. A b olearbodisstoreaifh forestse wor
(Bonan, 2008). Moreover, forests are inevitable for humans since they regulate,
provide and suppogeverakcological functions (Miura et al., 2015). However forest

is dynamic ecosystems, stimulus impacts such as the fireoggihg, 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 feoesss.
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;clegatc.), the disturlmees such

as pest and fire is monitored.
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The Global Forest Watch aforementioned befordable 2.17 is an opersource

application to monitor forests in near rdiahe, globally. As of 2020 the loss graph
presentedn Figure2.27.

TREE COVER LOSS IN TURKEY Q0 000
From 2001 to 2019, Turkey lost 500kha of tree cover, equivalent to a 5.0%
40kha

decrease in tree cover since 2000.
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Figure227.Tur key 6és tree cover | oss between 2001 and 20

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) angroduces near real time active folata.Figure 2.28
shows the fireq Turkey between 280 August 2020.
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Sustainable forest management is a &emponenin sustainable development and

this common international interest has initiated several global and regional afidrts

rooted back to 1992 United Nations Conference on Environment and Sustainable
Development (UNCED). There are eight international processesgiiitlly; The

ITTO Process, The Helsinki Process (The -Bamopean Forest Process), The
Montreal Process, Th€arapoto Proposal, The Dry Zone Africa Process, The Near

East Process, The Central American Process, The African Timber Organization
Process. In Turkey, The General DirectorafeForestry has generated national
ASustainabl e For estlirnydiVMaa taeptanioresEurdpe i t er i .
process and applied them2003. Turkey has reported the status of indicators in 2006,

2008 and 2010. After 2011, the monitoring has stofpetborarilyand the criteria

and indicator set together with the monitoreigiciency were discussed with wide

spectrum of participants in 2017. The final set includes 40 indicators and 116 sub
indicatorsfrom six criteria( Ak y o | and Tolunay, 2014; GD
2020).And Figure2.29 indicatea sample map for one of the indicatblafuralnesps

under forests biological diversity criterighe criteria list presented below;

29 https://firms.modaps.eosdis.nasa.gov/map/#t:adv;d:2028-28..202008-30: @35.7,38.3,6z
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Turkey is a partner of the International-Gperative Programme on Assessment and
Monitoring of Air Pollution Effects on Forests (ICP Forests) Network. It was launched
in 1985 under the Convention on Lerange Transboundary Air Pation (Air
Convention, formerly CLRTAP) of the United Nations Economic Commission for

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

Figure 2.29. Share of naturalness in the forest fE@REST EUROPE, 2015)

intensity levels:
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The Level | monitoring is based on 5852 observation plots (as at @0 E3ystematic
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 Il intensive monitoring comprises 623 plots (as at 2018) in selected forest

ecosystemwith the aim to clarify causeffect relationships.

General Directorate of Forestry has been monitoring the forests at constant sites across
the country until 2006. The monitoring variables are presant&dble2.18. Turkey

has 608 Level | and 52 Level Il pldiSigure2.30) (GDF, 2013). However, ICP forests

2018 technical report reveals that Turkey has reported only crown condition variable
for 52 Level Il plots in 2016.

Table2.18. Data surveys and frequency of ICP plots

Type of Travel Level | Level Il Frequency
Crown condition and damag 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 assessment 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 (abelid 5quare 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-&tel has been the most
common insitu 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 ertain 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 degin and standardized measurements with the aim of (1)
representing various soeexological gradients, (2) monitoring not only ecosystem
structures and functions but also critical driving forces, (3) enabling comparison

between Europe to other continentebkegical research infrastructures (Mollenhauer

et al., 2018). Tukey has joined the network

and Eymir Lakes.
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2.4.3.3.UNEP/WCMC - Protected Planet

Protected Planet is an openline platform where updated marine and terrast

protected areas are shared globally. It is managed by the United Nations Environment
World Conservation Monitoring Centre (UNBRC MC) . it wor ks wit
and policymakers worldwide to place biodiversity at the heart of environment and
developmat decisioamaking to enable enlightened choickes people and the

p | a nhéps:8wwyv.protectedplanet.net/c/abpunformation about protected areas

is submitted by governments, rgnvernmental manizations, 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 targeth as the Aichi Biodiversity
Targets and the 2030 Sustainable Development Goals. WNEMC publishes the
Protected Planet Report every two years that reflect the status of the world's protected
areas and recommendations on how to meet internationalagwhtargets. However,
Turkeybés protected area network is not

biannual reports do not include Turkey protected area statistics

2.4.3.4.Monitoring Ecosystem Services

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

been monitored intermittently.

CBD, Aichi Target 14 is related with ecosys m s er vi ce s : ABy 2020,
provide essential services, including services related to water, and contribute to health,
livelihoods and welbeing, are restored and safeguarded, taking into account the needs

of women, indigenous and local commuh i es, and the poor and
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EU Biodiversity strategy 2020 is also highlighting the ecosystem services concept,
and put as a target of mapping and assessing
et al., 2016).

Monitoring the ecosystem servicesjuires to understand the underlying mechanism

in supply and demand sides in seeimlogical systems. Tallis et al. (2012) described
monitoring components as supply, delivery, contribution to-iseithg and value. The
status of the ecosystem together hwithe 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 conneithwature define the amount/level

of delivery. Contribution to welbeing 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 aehielssues 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 timbe
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;

1 INVEST: The Integrated Valuation of Environmental Services and Tradeoffs
(Tallis et al., 2@3).

1 LPJmL: The LunePotsdamlena managed Land Dynamic Global Vegetation
and Water Balance Model (www.ppotsdam.de/research/climatepacts
andvulnerabilities/models/Ipjml) (Bondeau et al., 2007).

T ARI ES: The ARt i yci al I ntelligence f o

(www.ariesonline.org) (Bagstad et al., 2013).
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1 ESTA: The Ecosystem Service Tradi Analysis (White et al., 2012).
MIMES: The Multiscale Integrated Models of Ecosystem Services

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

1 Co$ting Naturewww.policysupport.org/costingnatyréMulligan 2015).

2.5.What Makes Biodiversity Monitoring Difficult?

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

us er s @ndrfakduee doexploit 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-postcorrelative 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 resourceh wdun 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 n policymaking conservation decisions. For example,-lss&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
nationaland 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 andsocioeconomic data do not match.

Lindenmayer and Likens (281 provided examples of failures. For example in New

Zeal and grasslands more than 55% of moni
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rich but i nformati on quddyowater gality mdnitodnge i s
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.wbat makes
monitoring successful? What are the key components of successful programs? The

failure reasons are listed by Lindenmayer and Likens82&4 inTable2.19.

Table2.19. The list of problems causing failures in monitoring (Lindenmayer and Likens, 2010)

Problem

Mindless, lacking question

Poor experimental design

Monitoring too many thingpoorly rather than fewer things well

Failure to agree on what entities to monitor

Flawed assumption that all monitoring programs can be the same

Scientiyc disengagement from mo

Poor data management

Loss of integrity of the longerm 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 enslgare 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 lter monitoring (Dixon et al., 2019)
Anot her challenge arises on fiwhat to mon
(2010) summarize two approaches. The fir:

is simply monitoring a large amount of the entity. This approach is out of establishing
monitoring on a weldesigned question and makes monitoring highly resource (time,
money etc.) consumi ng. The second approa
groupsao. It iI's necessary to state indi
ecosystem compemts 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 speatf 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 ays 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 monitoringhis problem has sevéraspects;
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1 Involving citizen scienceand non professionals create reliability problems
(Buesching et al.2014. Data reliability in specieglentificationare highly
depenéntupontaxonomicgroups.n general higher taxonomic groups can be
correctlyidentified by volunteerdn case amisidentifcation is madequality
assurance and quality control are keys to overcome this probteraxample
iNaturalist use community not only for species recordings but also for
confirming observations.

1 Data validéion which requires extra effort, is the missing ingredient in most
monitoring activities. Establishing checklists witlonstraintsof time and
spaceandgenerating automated evaluation of data submission are tools used
in validation.

1 Existingmonitoringdata have some common biasesgven observatiarin
temporal, spatiataxonomicaspectys Accurate information can be attained by
statistical approachesuch assampling bias, detection, measurement error,
i dentiycat i on,andsunceratyahalysesiChandieset dl.,n g ,
2017).

1 Lack of standard sampling protocols cause variance in measurelents

different people.

2.6.What Makes Biodiversity Monitoring Efficient?

Biodiversity monitoring should be geatiented and provide a framework for
predcting thebehaviorof key ecological attributes to improve management, expand
management options and provide early warning of system changes. Successful

monitoring criterions can be listed tork et al., 1996)

1 Precise description of the spatial @achporal scales of investigation and
management
1 Clearmind on the feasibility of the monitoring activity considering the time

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

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

1 Standardisation of data collection and statistical analysis

1 Assuring data on not only biotic variables bubadbiotic 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 te #bovdisted 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 tkisowledge 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 @mndex (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 givbe 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 abthe condition of the environment by way of its

condition, behaviour or presence (Spellerberg, 2005). Broadly accepted indicator term
evokes fiindicator specieso. Noss (1990)
beyond its commoneusages ogateémedour &hvirao

According to Noss (1990) indicators should have fundamental attributes;
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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

be distributed over a broad geographical area

be relatively independent of sample size

be easy and cosfffective to measure

be sufficiently sensitive to provide an early warning of change

be capable of providing continus assessment over a wide range of stress

be able to differentiate between natural and humeduoced stress

composite indies covering environmental and sustainability paramet®osne

examples arpresented ifable2.20.

Table2.20. Examples oBiodiversitylndex

organisms in a specific area

Index Name Content Coverage
The Living Planet 3 subindex covering ; Global
Index® 4,658 monitored populations of 1,6]

terrestrial species.

3,324 monitored populations of 8§

freshwater species.

6,170 monitored populations of 1,35

marine species.
The Environmenta 32 indicators across 11 issues 180
Performance Index countries
Ecological Footprint¥ | 6 indicators Global
Biodiversity Intactnes§ The averageichness and areaveighted| 8 countries
Index (Scholes an{impact of a set of activities on th in Africa
Biggs, 2005) populations of a given group ¢

These indexbased 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 hitps://www.footprintnetwork.org/our-work/ecologicalfootprint/
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restricted to the temperate region and even the distribution of the target population is
incomgdete due to global data gaps. Thiisis 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 comparthe 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 completyi 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 beansformed 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 cframeworks Figure2.32) 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 scehanesponse

might be regarded as developing protected areas (PSR chain). Another example is the
decrease of fertilizerds mar ket price an:it
then simultaneously the use of fertilizer increases (pressure). Thsuprechanges

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 enhancementgafat®ns 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 uncertaintiegyn pol

and socieeconomicsystems
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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 discussegbourcesTable2.21). They suggsted 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 iiable 2.21. The most acknowledge criteria are
measurability, low resource demand, analytical soundness, policy relevance and

sensitivity to changes within policy time frames.

Table2.21. Commony used environmental indicator selection criteffiiemeijer and Groot, 2008)

Criterion | Description/explanation

Scientiyc di mension

Analytically soundness [St rong scientiyc and conc

Credible Scientiycally credible

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

General importance Bear on a fundamental process or widespread change

Historic dimension

Historical record Existing historicarecord of comparative data

Reliability Proven track record
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Table2.21. Commonly used environmental indicator selection criteria (Niemeijer and Groot, 2008)

(continued)

Systemic dimension

Anticipatory Signify an impending change in key characterisb€she
system

Predictable Respond in a predictable manner to changes and stress

Robustness Be relatively insensitive to the expected source of interfer

Sensitive to stresses

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

Spacebound

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
can really gain something from studying

Intrinsic dimension

Measurability

Measurable in qualitative or quantitative terms

Portability

Be repeatable and reproducible in different contexts

Speciycity

Clear |l y and un a ndpecifcityaaitiselthyeat
Is X responsive to othénreats?

Statistical properties

Have excellent statistical properties that allow interpretat

Universality

Applicable to many areas, situations, and scales

Financial and practical dimensions

Cost s, bene|Beneyt snformationtplowded by the indicator shou
effectiveness outweighthe costs of usage
Data requirements an Manageable data requirements (collection) or g

availability

availability of existing data

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 the target audience

International compatibility

Be compatible with indicators developed and used in ¢
regions

Linkable
dimension

to societa

Linkable to socieeconomic developments and socig
indicators

Links with management

We | | established

interventions

| i n Rracticeor

Progress towards targets

Links to quantitative or qualitative targets set in pol
documents

Quantiyed

be
apparen

I nf or mati on shoul d
signiycante i s

qu

Relevance Relevance for the issue and target audience at hand
Spatial and temporg Provide information at the right spatial and temporal scal
scales of applicability

Thresholds Thresholds that can be used to determine when to take &
Usedriven Userdriven to be relevant to targatidience
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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, aadp e ¢ i Vable 2t23). Tien, 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.

Table2.22. List of criteria and an example of relative importance among user gi®ips and
Rochet, 2005)

Technical

experts & Decisionmakers 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 gl.(2019) evaluated the quality and extent of monitoring efforts for
threatened species in Australia based on megics Table2.23).
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Table2.23. 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 monitoringierts across the
target species' distribution.

Periodicity Frequency of monitoring.

Longevity The longevity of monitoring.

Designquality The statistical power of monitoring to detect trends
the occupancy/abundance of the target species.

Coordination The coordination of monitoringg@rts among relevant

jurisdictions and stakeholders.
Data availability and Theavailability and reporting of monitoring
reporting information.
Management linkage Integration of monitoring and management actions.
Demographic parameter: The inclusion of demographic parameters in
monitoring &orts.

2.6.2.0ptimizing Sampling Effort

Hoffmann et al. 2019) hypothesized that the information content of diversity and
richness indices level off with the numbersafbplots 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 g@otityustays 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 deliveighness 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 otatotffect 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 Berg s (2008) perfor
temperate forests such that detecting 10% ahang n i ni t i al species ric
b=0.5 over 5 vy etarm$oridticomonitoringgpmgramgoy doraparqg

sampling sizes. They illustrated decreasing quadrat size frord@DBquare meters

to 100200 square meters lowers the inventory epgroximately 1% (Figure2.34).

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 sfted to 106200 square meters so that the corresponding sampling

cost does not exceed some fixed amount.
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Gardner et al. (2008) executed a doshefit analysis for biodiversity survey in

Berg s, 200

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 ngystematic relation. It is obvious that easily detectable large mammals are

the cheapest taxonomic group and the most expensive taxonomps drave the

smallest body sizésuch as fruit flies). However many plants and a number of

vertebrate taxa (e.godents and marsupials, ldéfer amphibians and lizards) often

required

nt ensi

vV e

processing

for

speci

economies of scale in combining sampling techniques for several groups can reduce

survey costs, and consequgnthprove the coseffectiveness 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, Tlloch et al. (2013) developed a framework by conducting ahbmrstfit

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 Zealdnwith 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) cdocted a comprehensive analysis of the -cost

effectiveness monitoring in farmlands by collecting 12 case studies across Europe.

Their research question was whetliem 10% change in species ric
could be identiyed wifboh &adhbPamd obanbdl veéewys.ie
compared species richness overtime for four taxa (vascular plants, earthworms,

spiders and bees) and develop scenarios for Common Agricultural Policy (CAP)

budget (201%2020).

Also, expert judgements were used in rankimg species importance. For instance,
Boykin et al. (2013) used mapping and included stakeholder evaluation for developing
an approach in a nationstale 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 certainakonomic 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 predbatetiere are
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clear linkages between the taxonomic groups and their cause of ¢haitg?.24).

So definition of Awhyhab monmowmirvtonl goe gu

Table2.24. 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,
& yshes
Butter pif082 |057 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 radielemetry and transects surveys, in the study of habitat
selection by the lesser kestrefsalco naumanr)i They developed a cestfficiency
analysis by comparing the achieved results for different subsamplings. Although
telemetryis more resourcdemanding (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 maxichizg engaging

the REDD+ project$Reducing emissions from deforestation and forest degradation,
plus the conservation, sustainable management and enhancement of forest carbon
stocks). In loweicarbon areas, using the novel REDD opportunities for protecting
forests and allocate the remaining fund in biodiversity monitoring createsdece

They solved the optimization problem with MARXAN and develop options for
several scenarios regarding REDD+ strategies together with conservation values in
Berau, Indonda where the Bornean orangutaPofigo pygmaes modicand High

Conservation Value (HCV) areas exist

Another recommendation was done by Henle et al. (2013) about analyzing reporting
priorities in supranational biodiversity legislation and policiesEurope. 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 highapvail
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 B
. {1489

EU Birds Directive Annex |

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

\ Red Lists
781

Figure 2.35. Number of species listed in European policy documeHtsi€ 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 linkig 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 issuesas; (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 foralaiteroperability.

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. IrFigure2.36, theyshowed 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 rpulat
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
checklistas fAa | ist of al/l species identified
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 10.00®iel checklists are enough to
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provide reliable trend analyses. However, the marginal distribution of species in
geographical ah 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.

g 061 0.141
5
E 0.13+
8
2 05
B RS 0.121
E
E 0.11
0.10-
2010 2012 2014 2016 2018 2010 2012 2014 2016 2018

probability of occurrence

0.23 | n

2010 2012 2014 2016 2018 2010 2012 2014 2016 2018
year year

Figure 2.36. Noisycharacter of ebird 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. Tlagion-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 fheas.
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2.6.6.2.Web Sites and Portals

Several examples of citizen science engagement presenéitizen Science and
Community Platformssection. Apart from thse 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 seveeslons 1) their network
access is wellistributed arounglobe 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 acceptat#gree 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 ngorofessional data contribug 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 qualita n d boodin

(http://www.citizerobs.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 processingist 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 avesmsaller 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 sensingaplications (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 &d 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 atrtificial
neural networks (ANN),support vector machines (SVM), selfganizing map
(SOM), decision trees (DT), ensemble methods such as random forestsasede
reasoning, neurtuzzy (NF), genetic algorithm (GA), multivariate adaptive

regression splines (MARS), etc. (Lary et al., @01

Artificial intelligence is used in global camera trap data management and analytics.
For example, wildlife insights (https://www.wildlifeinsights.org/home) monitors
millions of cameréarap images around the world. Its artificial intelligence service
distinguishes automatically images with people,hoiman animals and no animals.
Then the norfhuman 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 ifidial 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 makagea h
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 ed@®).2

Law et al. (2012) developed a smart application by using augmented reality and
increased the reliability of citizen science data for monitoring trees, shrubsahoe

plants, canopy cover etc.
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2.6.6.1.Soundscape Ecology

Automated acoustic recognitiafi species aims to provide a caftective 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 (singiof birds, croaking of amphibians, chirping of
grasshoppers, etc.). Progress has been made in the automatic analysis of soundscapes

with the creation of 3D sound profilestips://www.recordtheedriorg/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 (Rifth) d
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 oidiness 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 fawitbng correlation
between sound patterns and landscape (canopy characteristics and forest stand age).
They suggested this leaost monitoring, can guide the adaptive management of

forests while securing the taxonomic diversity of the biological comiypuni

2.6.6.2.Environmental DNA (e-DNA)

e-DNA is a promising technique which can be used in rapehsurementand
monitoring of biodiversity. The environmental samples taken freaveral
environments (soiliater, ice)areanalyzedvith DNA sequencing method¥hemost
powerful attribute of the method igs ability to presentnformation about species
distribution abundanceand population dynamics without collecting the organism
(Beng and Corlett, 2020)e-DNA studies based on barcodinPCR) and
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metabarcoding. fie difference is barcoding uses spespscific primers while
metabarcoding uses universal primers from millions of DNA fragmefntise most
possible species ranges. Thus detection of single species can be done by barcoding
and community measurements ddyy metabarcodinggeng and Corlett (2020) listed

the beneficial areas of[@NA as;

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

2. Metabarcoding isuseful to understandthe current but also the aent
biodiversity patterns

3. To understand diet and trophiteractionsand ecosystem dynamics

4. To monitorecosystenmealthanddynamics

The environmental conditions defines the applicability-BiNdA methods. The major
sampling areas are soil, permafrégshwater and seawatéfoweverdegradatiorof
genetic material in warm and humid conditioadaster (Beng and Corlett, 2020).
Also, the water samples present information about contemporary status of
biodiversity. On the other hand soil samples can give informaackto decades or
centuries. Also deep sediments in water column includes ancient DNA and possible
release of them createaspicionin measuring current statubhe 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 fairegndata 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 foratensensing, ranging from radar

to microwave (Budd, 1991).
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Remote sensing allows largealecharacterizatiorof biodiversity in a systematic,
replicable and spatially comprehensive way. Duro et al. (2007) synthesized the
capabilities of remote sensing f@ 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 gotential 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 abuties to this outcome; 1) Data
continuity which refers to lonterm 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 invaluaddeurces. 3) Data access describes
the ability of endusers 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 magldhentp 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 wihahacterize energy
dynamics and exchange of matters.

3. Ecosystem change by assessing the land cover andsancthange.

4. Species identification by using very higbsolution images (<5cm). Lewost
drones (<$2000) are used in census counts.

5. Plant Functioal 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 idgimtg 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 renote sensing instruments and methods can serve to track biodiversity.
Vihervaara et al. (2017) summarized different resources and their utilization in
Finland(Table2.25). 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

beneft from remote sensing at a national scale.

Table2.25. 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 5-30m Forest fragmentation, tree line

resolution (Landsat, SPOT5&6, tree species compadisins*, 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 0.54m Forest vegetation, tree species

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

WorldView) and butterfly habitats*,
butterfly range shifts*, seals

Hyperspectral (Hyperion, AISA, | 1-2 m and | 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

CosmoeKsymed, Satinel 1, species composition

LKDAR)

* requires other datasets.§.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
experimatal plots, just in time for both Sentir2land SentineB to detect these fires

during their daily quotidian overpasses.

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

Figure 2.37. The experimental fire ignition caught by Sentinel 2 (Source: Bskks Research Report
201820199

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

sensing are listed.

Table2.26. Large scale monitoring programs using remote sensing

Definition Scope Gallery Reference

Ecosystem
National Inventory of Canada Sentinel 1 & | Mahdianpari et aJ.
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 scalel MODIS,

SRTM

33 hitps://www.sanparks.org/scientificservices /wpcontent/uploads/2020/04/206%earch
report.pdf)
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Table2.26. Large scale monitoring programs using remote sensing (continued)

Definition Scope Gallery Reference
Ecosystem

Biodiversity monitoring | Australia Review Eyre et al., 2011

framework for the rangelands

Australian rangelands

Growing stockand 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 esating solutions for fiekdbased tasks

such as theetection 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 sensorsich 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 Scal®lonitoring Programs

2.7.1.Switzerland

The national biodiversity = monitoring  programme  of  Switzerland

(https://www.biodiversitymonitoring.ch/en/home.hjrebmprises 34 indicators based

on three pilars of indicator sets; pressure indicators, state indicators and response
indicators until the end of 2015Tdble 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. Speciedyliaersi
landscapes consists of app. 450 sampling areas covering 1 square kilometer. Vascular
plants, butterflies and breeding birds (by the Swiss Ornithological Institute) are under

focus and 20% of the total surface being sampled each Series diversytin
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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 anodllusks Diversity of species
commurties describes the development of species compositions in various habitats
and within Switzerlandbs regions. It

individual species gathered in the other samplings.

Table2.27. Indicator set of National Biodiversity Monitoring of Switzerland until 2015

Pressure Indicators State Indicators Response
Indicators

- Size of Areas of Define( - Number of Livestock Breed - Size of Protecte
Use and Plant Varieties Areas

- Size of wilderness areas | - Proportion of Livestock - Size of Securg

- Length of linear landscap Breeds and Plant Varieties | Protected Areas

features - Species Diversity at - Endangerec
National and Regional Level Species Living in

- Diversity of Land Use and Protected Areas

Land Cover - Number of species in
- Nutrient supply in the soil Sw_ltze_rland facing global - Blo_dlversny
extinction priority areas
-1 ity of Agricultural :
ntensity of Agricultura - Change in the - Areas farmed

Land U )
and se Endangerment Status of organically
- Forest area dominated by Species

norrindigenous trees ) )
g - Population Size of

- Area of artificially Endangered Species
regenerated young . . .
woodland - Species Diversity in
Landscapes
- Deadwood . .
- Population Size of Commo
- Volumes of water Species
withdrawn from Species Di ity |
watercourses - Species Diversity in

Habitats

- Proportion of adversely | ) o ¢ \/a1able Habitats

affected watercourses
- Quality of Valuable
Habitats

- Diversity of Species
Communities

- Water quality
- Landscape Fragmentatior,
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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/monitoringandreportingsystem/).

Tier 1: Broadscale monitoring for national context: It is started in late 2011, involves
the regular assessment of a selection of aapecies and pests at locations 8 km apart
and spaced evenly across the landstapeept 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 monitayi 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 -gear botation cycle.

This spatially extensive monitoring programme has bderigned to provide
unbiased, repeatable, natioisahle estimates of priority biodiversity indicators and

measures.

Tier 2: Nationallyconsistent monitoring of managed places and species on land,
freshwater and in the ocean to report on management iedfieess: 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 sattheamh be
combined and compared across projects and used to build an understanding of New
Zeal anddos ecological integrity.

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

to help predict and interpret national and lesedle trends.
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2.7.3.Norway

Certain et al. (2011) has developed the Nature Index and applied in Ndrhay.
framework uses the existing information by incorporating expert judgement and
monitoring based and modddased estimates for any ecosystem type. The gap areas
for further research become apparent for any ecosystem or any target with this
comprehensig 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 acabe 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 staterssenvironmentally sustainable status for
certain indicator fAi.e. the numerical vV a
value that minimises the probability of extinction of that indicator (or the species or
community with which it is assaaied), 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
the reference state can tefined 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 majorcesystem 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 theindicator set they also develop ecosystem indicators (grey rows in
Table2.28). The reference data were collected for four years (1950, 1990, 2000, and

2010) using 430 Norwegian municipalities as spatial units.
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Table2.28. 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)

&

2 <

Indicators celcl|l gl o8 2 2l 2 || 8

o8|odlo8|log|os|s=z | |2
Spe: specific to only ;115 157 |g 30 |29 |36 |59|22
one major ecosysten
Key: related' to ig - 6 5 2 6 14 1117
keystone species
Red: related to VU
EN, CR Red lis|6 7 5 4 12 10 14 (12 |6
species
Comm: related to af 3 5 8 5 5 1 9 5 [0

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

Tot: total number o

31 40 48 35 57 40 42 72|30

indicators

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

Past: knowledge of 12 17 12 4 8 4 4 1815

past conditions
Prec:  recautionary
level
Prist: pristine or neat

6 15 5 23 17 0 0 1 1|0

L= 3 3 22 6 24 32 27 40|20
pristine nature

Best: best theoretlceO 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 regiorfagire2.38 the distribution
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of data sources to accomplish this framework is presented. Ebgeet judgements
increase the uncertainty of the study thereby one future direction has been identified

as to reduce the proportion of expedsed 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 CUR RENT KNOWLEDGE IN EB VS PERSPECTIVE
FOR TURKEY

This chapter identifies the concurrent situation of biodiversity monitoring in Turkey
and highlights the gaps in taxonomic, spatial, temporaltactinical perspectives in
accordance with EBVdn the previous sectignwo findings become proinent and
affecting biodiversity monitoring(1) Expertise appeared to be the major limitation
after budget constraint§€2) Up to now current efforts concentrated on species level
and specific species groups$his chapter focusesn aasweing the following
questions in the light of theethodological findings collated by questionnaires and

literature surveys;

1. Budget cannot be changed bexpertise can be enhancéd/hat is the
distribution of the technical expertise distributed taxonomically among EBVs?

| s fAslpeewdlescondensati ono dotheéxpertise2 or a
Which species, ecosystems are vkelbwn and vice versa littknown?

Which EBVs can bsustainedvith the current knowledge?

o bk 0N

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

6. What are the opportunities anbdallengedor future monitoring programs?

Previous efforts examine this knowledge level by comparing the biological data itself.

For exampleFer n8ndez ednduded a sirilarOstudy )in Bolivia and

analyzed the taxonomic, temporal asgpatial coverage of biodiversity data with

648.534 observations from 27.534 species, had recorded betweeQIABAnother

study revealed t he ex xaamy,rspatialoandtempera t i o n €
ranges in Europe extent (Wetzel et al., 204 )evaluating thirteen integratofise.

GBIF, Atlas Florae Europaeae, Fauna Europadd ER etc.) of biodiversity

occurrence data in Europkengyel et al. (2018) evaluated Europeaonitoring
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performane based on a survey aimed at collectimgtadata information. They have
sent more than 1600 survey forms and conducted the analysis with 646 species and 35

habitat monitoring schemes.

However datais so scattered and datacess ifighly problematic in TurkeySome
of the obstacles behind not obtaining biodiversity data are listed below. The reasons

are not limitedo these items.

1. Scarcityof biodiversity data;

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

b. Existing datais scatteredhroughseveral organizationd'he lack of
centralized, coordinated biodiversity monitoring.

2. Restrictiondn data access

a. National governmental organizationso u

b. Personal unwillingness to share datacademia

c. Absence oftandardized data storage atada share tools

3. Lack of metadata;

a. Metadata is iece ofuseful tag information that is mostly used to
explore and harmonize data. Up to now metadata generation is not
required or forced due to the lackshare culturebetween institutions
and people

b. The wnorganized data storage scheme

c. Data is mostly stored by personal use

Because of these reaspthroughout this study cannot reals the exact biodiversity

data. Thus, | compiled the metadatainformation via literature surveys and

questionnaires and generate a portfolio for further investigatiéocused on the
terrestrialrealmEven t hough the Noaho6s Ark Biological
thousands of species occurrence records, thergment data share policy prevent

to use the data for scientific purpogersonal Communication) h& information |
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got fromthe greyliterature( Noaho6s Ark and progress repo

are contradicting anthe generic informatiorpreseted by governmental reports and

websites ar@ot 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 literaturesearch The questionnaire form includes questions relatedthe
technical details of the monitoring program and aéormationabout data gathering,
storage and managemephases of the monitoring The questionnaireform is

presented ippendix A.

3.1.1.Active Monitor ing Programs (AMP)

These programs are executed in the field by governmental ageocinature
conservation NGOs for long tim&he programs have besareeningccording to the

following two criteria;

1. Monitoring has been continued at least 5 years
2. Monitoring has been repeatatlleast3 times withinthelast 20 years

3. Sampling technique is constant in monitoring actions

The exceptional cases this review that did not fulfithe criteria are; (1) wildlife
abundance counts that are collected by thed definingpoaching quota of game
speciessince the sampling is irregular and unreliable and subje@iveventory

efforts that hae been demanded byhe government under the context of
Environmental Impact Assessment Studies and Repsitee the monitoring
activities are executed only during thmeparationof the project In total 16
monitoring programs have been assessed. The selected active monitoring programs

are presented ihable3.1.

133



Table3.1. The list of Active Monitoring Programs

Name of the program Target Species /
Species Group

Monitoring of Forest Ecosystems (ICP Level | & Forest

Level Il)

Mid-winter Waterfowl Survey Birds

Common Birds Census Birds

Turkey Bird Atlas Birds

Monitoring breeding oBald ibis

Geronticus eremita
Birds

Monitoring of the ferruginous duck

Aythya nyroca
Birds

Monitoring of the flamingos

Phoenicopterusoseus
Birds

Monitoring Manyas Bird Paradise Birds
Moni toring Biodiver si tyBirdsandLarge
Mammals
Moni toring Ankarads t hrPlants
Monitoring of the sociable lapwing Vanellus gregarius
Birds
Monitoring of the whitestorks Ciconia ciconia
Birds
Monitoring of the otter Lutra lutra
Small mammal
Moni toring sea turtl es |Carettacaretta&
Chelonia mydas
Herpetofauna
Monitoring of the loggerhead sea turtle Caretta caretta
Herpetofauna

Monitoring thehabitats and population of the
Mediterranean Monk Seal

Monachus monachus
Large mammal

Sevenof the monitoring programs are a part of greater international monitoring
efforts: Mid-winter Waterfowl Survey, Common Birds Census, Turkey Bird Atlas,
Monitoring of the flamingosMonitoring of the sociable lapwing, Monitoring the
habitats and populationf the Mediterranean Monk Seal, Monitoring of Forest
Ecosystems (ICP Level | & Level IAImost all programs are executed by the
coordination of governmental organizations together with NGOs and funded by

governmental organizations and international oizgtions. Thirteen of them are
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reported to governmental organizations airgk of them are reported to international
organizationsThe distribution of species groups are presem€&tyure3.1. The birds

are dominating the currentonitoringeffort which are executed mostly on wetlands.
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Figure3.1. Distribution of monitoringefforts among species groups and ecosystems

All of the items focus on thepecies distributiomnd population abundance except
AMonitoring of F o r themtfoculing gepulationeabumdancea | |
Considering the spatial coverage, six of them asz@bed countrywide and seven of
them particularlyperformedn one study area. However the countrywide studies less
represent the Eastern and Southeastern Anatolian réggume 3.2 shows the spatial
coverage monitoring programs. The map organized in accordance with species groups.
And color tones represent the frequency of eff@tsdiegperformedn multiple areas
cannot digitized accordingly because of the irregular information. Thus the
geographicalregions were shown. For example Midihter 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 areti®e other items can include some protected areas

unonsciously

1 Monitoring breeding of Bald ibis (Birecik Bald ibis wildlife breeding station,

kanl eurfa Birecik Férat Wi ldlife Conserva
1 Monitoring of the flamingos (Tuz Lake Special Environmental Protection

Area and Gediz Delta Ramsar Site)
1 Monitoring Manyas Bird Paradise (Manyas Bird Paradise National Fdnis).

monitoring effort is the only sample which is directly linked with the protected

area itself.
T Monitoring Biodiversity in Kars and 1] deé
Wildlife ConservatiomM r e a , Kars Sarékamék Nati onal P e

T Monitoring Ankar ads t hreatened pl ant s (
Protection Area)

T Monitoring of the Otter (G°kova Speci al E

T Monitoring sea turtles in difalRegserveva Del t a
& Ramsar Site, Yumurtal eék Lagoons Nati on

T Monitoring of the ferruginous duck (Keéez

Wildlife Conservation Area)
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Figure 3.2. Spatial coverage of monitorireffortsin species groups

Especially the efforts executed by citizen science cover larger areas (i-uifégat

Waterfowl Survey, Common Birds Censasd TurkeBird Atlas). Apart from these

al so AMonit or torkggKawslf ] d éhre Bvhadievesr si ty Mon
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 expdgiip to 10 people). Despite this lower participation

and contribution the spatial coverage of study areas are relatigélgr; one third of

them is larger than 1000 Krand 62% is larger than 100 km

Except four efforts Common Birds Census, Monitoringreeding of Bald ibis,
Monitoring of the otter, Monitoring of the ferruginous dyake 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 databa management and reporting; fivéledmares t or ed i n
Ark National Biodiversity Databas@&jne of the monitoring data is stored in other
databases {bird). Sevenof the activities have strictatla limitations.None of them
shares data or metadataline. But reports or summary maps/ information are
available for ke following monitoring efforts; Turkey Bird Atlas
(http://kustr.org/kusatlagy Mid-winter Waterfowl Survey

(https://www.tarimorman.gov.tr/DKMP/Sayfalar/Detay.aspx?0geld=71&Liste=Duy

uru).

3.1.2.Potential Monitoring Programs (PMP)

As d e s c r 2.3BeN#tional nPolidiesand Orgaization® s e &Géneral n
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 throughoatintry (UBENIS project
National Biodiversity Inventory and Monitoring project)

This accelerated movement of species inventory and conservat@nshifted 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 futureln the grey literature accessed form web sites of
responsible organizations werdlated and | reached the species action plaire

the SAPs have projected monitoring actions, | consider them as potential monitoring
programs.

39 SAP reports whichwere available online However the official website of
GDNCNP does not include them angra. Maybe due to the change in 20T8e
Ministry of Forestry and Water Affairs transformed to The Ministry of Agriculture
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http://kustr.org/kusatlasi/
https://www.tarimorman.gov.tr/DKMP/Sayfalar/Detay.aspx?OgeId=71&Liste=Duyuru
https://www.tarimorman.gov.tr/DKMP/Sayfalar/Detay.aspx?OgeId=71&Liste=Duyuru

and Forestry. The metadata of suggested monitoring activities in these grey literature

werecompiledin accordance with the desired metadata.

3 of them focusingendangeredish species. Those SAPs are eliminated from the
portfolio. The list ofevaluatedSAPs (36 in total) are presentedTiable 3.2. They

were completed between 202816 After these year the SAP reports were not shared

public.
Table3.2. The list of Species Action Plans (SAPS)
Name Species Group| | Name Species
Group

Grus grus archibaldii | Bird Crocus speciosus subip,. .
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 samsunicun| Plant

Vipera kaznakovi Herpetofauna Pse_u dodelphinium Plant
turcicum

Formica pratensis Invertebrate Rhoqlqthgmnus 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 eskisehirengd Plant

Ajuga xylorrhiza Plant Verbascu_m Plant
yurtkuranianum

Alyssum nezaketiae |[Plant Meriones dahli Small

mammal
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Table3.2. The list of Species ActidPlans (SAPs) (continued)

Astragalus beypazarus | Plant Myomimus roachi Small
mammal

Iris peshmeniary

Hyp_erlcum malatyanun Plant Myotis brandtii Small

Ornithogalum mammal

malatyanum

Mostly these SAPs have been developed for threatened spi&tlieslly endangered
plants among species and grassland among ecosystems are dominated the SAPs

(Figure3.3). High endemism rates in plants unsurprisingly lead to a strong emphasis

on them.

Bird Ml
Herpetofauna N
Invertebrate il
Large Mammal Pl
Plant |
Small mammal "l

0O 5 10 15 20 0 5 10 15 20
Count Count

IUCN National Habitat
Red List Categories M Coastal
HcCr M Forest
HEN Grassland

VU M Multiple

NT M Vetland

DD

Figure3.3. Distribution of SAPs among IUCN Red li8ategories and Habitats

All of them propos monitoring activities commonly in specidsstribution (100%)

andabundancé82%). And %100f themsuggest genetic studies as a monitoring tool.

Some of themmention alsccommunity level interactions and ecogystchange as a
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monitoring activity however they do not specify the details of these activities. Due to
these reasoronly the genetic and population level monitoring activities are

considered

The population size ipresented athe number of individuals slerved during site
studies,only e few studiesestimatedpopulationsize. Only one SAP included a

population viability analysisRolygonum samsunicym

The SAPs were prepared by tenders. So éveungh aarget species distributes over

wider regions, the SAPs were prepared within a provikRagife 3.4). About half of

the target species range are widerh e n their SAPOGs cover a
Mediterranean Monk Seal SBARver e prepared two ti mes fo
provincesinstead of covering the whole Mediterranean region. Only two of them

(Grus grus archibaldiandOtis tardg were prepared at natidriavel (These 2 SAPs

are not shown in the mapyVhile the reviewed SAPs have patchy geographical
coverages and distributedroughout the countryMost SAPs propose new sites for
protection of the target species. Existing protected@reannectiorwith them were

not mentioned.

Number of SAPs

Lo
1

0 250 500
[ eee—) N 2

Figure3.4. Map of SAPs locations
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3.1.3.Academic StudieqAS)

The academic studi€thesis and peer review articlesg¢re quarried from SCOPUS

and Y¥K National Thesi s Databases between 1
were applied with the followingg™word@R in ti
Abi ol og* 0 A NThis Btudy paiticularly focuses théB¥ requirements

thus, exact EBVs exact namasreadded to query sentence (Stegddentification).

iBreed and variety di ver(presenjed in inteoductiarb| e i n t
sectionTable 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 Step2 eligibility of the studies were searched atadies in aquatic

(freshwater and marine) ecosystems; studies focusing pest, pathogens, virus, bacteria

and microbesgenvironmental quality indicatorg@ollution, water or air qualityand

also studies not performed in kKeywere executedzorthe rest of the studies a further

screening criteria was appliedhe research must have a descriptive reputable
methodology(Figure 3.5) and the study shoulepresent ayene/species/ecosystem

diversity related with EBV#n a particular area within Turkefor a particular time

(for example many species distribution studiesratated with newspecimerecords,

type localities, first records, or the methodology applieegs nothave scientific

reputation or the study is experimental and/or performed in laboratory, or review

studies) Later a screening waapplied toeliminatethe repetitive studies from the

datase{Step 3Screening)For example same stiedhad 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 thsearch since we used the EBVs

exactlyas key components. These studies most likely do not use EBVs as keywords

thus | cannot reach thetroweverthese results enough to capture the snapshot of

current situation.

Since academic efforts are not actual maomgpstudies, the attributes of thasurce

type will be discussed in the following section by comparing active and potential
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monitoringprograms Totally, 315 studies werdistinguishednatchingwith EBVs.

These itemsd data are not

publicationgto 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 presenieabla3.3.

Table3.3. Metadata structure

Column name

Description

Year/
Time period

Date of thepublication or time period of the monitorir]
effort

Species Group

Bird
Herpetofauna
Invertebrate
Small mammal
Large mammal
Plant

Species Scientific name of target species
IUCN threat category | Data deficient (DD)
(IUCN, 2018) Least Concern (LC)

NearThreatened (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
Ecosystenfunction
Ecosystem structure
EBV Al Essenti al Bi odi vers
variety diversityo

Protected Area

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

3.3.1.General Attributes

The portfolio consist of academistudies (3% 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

t o a.

uni que

study/ effort

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 presentedable3.4.

Table3.4. Distribution of monitoring portfolio among different EBV classes ACA: Academic study,
AMP: Active Monitoring Program, SAP: Speci@stion 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%) folldwedenetic

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. Quly items in the SAPSs 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. his can be listed in descending order; species populations
species traits (10 items), species populatigeisetic composition (4 items),
community compositiorspecies population (3 items)ecosystem structure
community composition (2 itemsgcosystem staiure species populations and
species traitsgenetic composition (1 item). The accompanying EBV classes are
changing in academia and in SAPs. The SAPs tendency is to conduct species
populationgenetic composition level, on the other hand academic réssdi@cusing

species populationspecies traits.

The distribution of the biodiversity portfolio among EBVs presented ifable3.5.

For three catewies of sourcesthe peci es | ev el especially
and Apopul at i on aemoreathumdact than otiiea EBRPspliation s
genetic differentiation follows them. The least studied EBVs arancestry, nutrient

retention, neprimary productivity and ecosystem composition by functional type.
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Table3.5. Distribution of monitoring portfolio among EBVs (* excluded from the search strings)

EBV class EBV ACA JAMP [|SAP |Count
Coancestry 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 ﬁ
composition| Species interactions 6 6
Net primary productivity 5 5
Ecosystem | Secondary productivity 0
function Nutrient retention 2 2
Disturbance regime 10 10
Habitat structure 27 1 -
Ecosystem extent and 19
Ecosystem .
structure fragmentation _ 19
Ecosystem composition by |3
functional type 3
TOTAL 485

Color defines the count ranges (yellow to brownish)

0 orNA

Xop

XM n PKH p
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3.3.2. Taxonomic Attributes

The distribution of the combined portfolio according to the species groups are
presented iTable3.6. Oneacademic research is focusing five species groups (plants,
birds, butterflies, mammals and herptiles), one academic research focusing both large
and small mammals and one monitoring pamg is focusing both bird and mammals,

The rest of the items are focusing either one species group or ecosystem. So the total
numberof items per target group matching rows increases to 375 from 367 items. The
most studied species groups are plants andsbiEcosystem 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 Ibd species have been focus in these research. And these
36 birdsare distributed ti3% of critically endangered, 11% of endangered, 6%

vulnerable, 8% near threatened and 72% least concern birds.

Table3.6. 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;

1 Genetic composition; Plants (31) and small mammals (31)
1 Species population8irds (53) and herpetofauna (39)

1 Species traits; Birds (26) and herpetofauna (14)
1

Community composition; Invertebrates (22) and plants (15)

EBVclass EBV

Genetic Allelic diversity _ _
composition  Co-ancestry |

Population genetic differentiation I T e
Species Population abundance I ;822000000 ]
populations  population structure by age/size class I

Species distribution I |
Species traits Body mass -

Demagraphic traits H N

Migratory behaviour

Phenology

Physiological traits
Community Species interactions
composition  Taxonomic diversity

Ecosystem Disturbance regime

function Net primary productivity
Nutrient retention
Ecosystem Habitat structure
structure Ecosystem extent and fragmentation

Ecosystem composition by functional type .

o
=
o
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Large Mammal
M Plant
M Ecosystem

Figure3.6. EBVs versus target groups

Lambeck (1997) anNoss (199) 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 listategories were usd#igure3.7). TheNAlabelled species are
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mostly grouped under taxonomic studies or genetic studies focusing particular taxa,
and/orcommon speciewhich do nothave red list assessments. 18% offtlamts are
critically endangeredThe least concern species are the predominaaigcted

speciesamong 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

Figure3.7. Distribution of Species among IUCN Red List Categories

According to the results, the featured species Momachus monachu<aretta
carettaandPhoenicopterus roseu¥hose flagship/ charismatic spexigere tracked
in academy too. The other highlighted speciesdta kruperi, Grus grusarchibaldii,
Aegypius monachusind Tetrao mlokosiewiczithat have egional distribution
importanceExcept for these charismatic species there is not any signitexasency

in species selection. Sornéthe frequently selectespecies are;

1 Birds; Ciconia ciconia(5), Sitta krueperi(5), Phoenicopterus roseugt),
Aegypius monachy8), Grus grus archibaldi(3), Tetrao mlokosiewicZ3)

1 Herpetofauna: Carettaaretta(8), Rafetus euphraticugt), Rana holtzi(4),
Acanthodactylus schreibe(B), Chelonia mydag3), Emys orbicularis(3),
Vipera anatolica(3), Vipera kaznakowi3)

1 Large mammalsvionachus monachy40), Dama damg4), Felis chaug4),
Hyaena hyaen&d)

1 Small mammals:Spermophilus xanthoprymnug), Glis glis (3), Lepus
europaeug3)

1 Plants:Pinus brutia(7), Astragalus beypazaricy8), Polygonum samsunicum
(3), Scilla mesopotomicé3), Thermopsis turcic3), Tulipa orphanideq3),
Verbascum yurtkanianum(3)

150



3.3.3. Temporal Attributes

One important finding is both academic research and monitoring practices started to
increase after 2000 in all aspects of EBVs. Genetic reseaaollescosystem level
researches haugeen intensified afte2005.The plantsand 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 bregeteafter 2003t

is evident fronFigure3.8 that SPAsnrichto theportfolio except invertebrates.
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Figure3.8. Time series analysis of the monitoring portfolio according to the soER} 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

A

i N

B = ==

ACA AMP SAP

M local ®Regiona M Countrywide

Figure3.9. Distribution of monitoring portfolio among different resources

Allelic diversity, population genetic differentiation, -emcestry and net primary
productivity researches have been conducted on regional or countrywide scales. The

distribution of EBV clases among spatial domains are presentEgyure3.10.
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Figure3.10. Distribution of geographicaicales among EBV classes

According to the target groups or ecosystems, the geograph@la st small
ma mma |l s 6 amdeeHfoets arec dispersing evenly among local, regional and
countrywide scales. And except invertebrates all of the groups are pedtlymed

at local scale. Invertebrates aremm abundant in regional scaldure3.11).
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Figure3.11. Distribution ofgeographicascale amongpecies groups and ecosystems

The items were also matched with the corresponding ecosySiguane 3.12 shows
the distribution of ecosystems where the items were conducted. Theltagaicand
urban ecosystems are the least studied ecosystems whereas forests and guesslands

the most studied ones. For all of the studies local scale is the most studied scale.
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Figure3.12. Distribution of geographical scale among ecosystems

Understandinghe spatial characteristic of the portfgliogenerated two cumulative
graphs for species and ecosysteRigyre3.13andFigure3.14). Grassland ecosystem
at species population class (covering mostly glribllowed by wetlands (covering

birds and herpetofauna), forest ecosystems are represaintgd all EBV classes.
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Figure3.14. 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 andgsin thesatems 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 withiRamsar 8es. Only one study was performed

within Nature Conservation Areas (Il spart

3.4.Evaluation of Knowledge

This is the firsimetaanalysisor Turkey which provides an evaluation of biodiversity
datamonitoringconsidering all aspects of data users and contribuadtteough the

data universe haveertainly more efforts and studies that | cannotlude into
portfolio, it is the most comprehensigad up to datenetadatagenerated under data
restrictions.In 2.4.2.3. Citizen Science and Community Platforms section | have
presented the concurrent situation of GBIfBie&l, Map of Life and iNaturalisand

Tur key 6s dJsingthese vieeh platfaynms.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 Noahos Ar k Nati onal B
promising howeveup to now any university or NGO could benefit from the database
(section 2.3.3.1. page 90)hus, he database existence is highly speculaive has

no benefit br data users at the moment

During data collection of this dissertation | observed that the biodiversity data of
Turkey cannot be describeahostly as monitoring data according to its global
definition. So far | evaluated the research which have potewotige a base for
monitoring, especially in academic research. On the otherasitiee monitoring
efforts which | believed are the closest practices of being well structured and
systematic, do not fulfill the criterions of long term ecological monitorergporal
sensitivity (Lindenmayer et al, 2012).

With the contribution of species action plans and provincial biodiversity inventories
which had started in 2013, the responsible authorit%Fvhas completedhe
Asurveill ance moni t oinedatgascorpplishesl.dNovaTurley h a v i
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should move temarterfit ar get ed moni t @resently weakpand s e . Her e

strong attributes of the monitoring portfolio and discuss the challenges and
opportunitieembedded herein. | also suggest ways to imptteeonditionsd guide

the nextgeneratiormonitoring
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
speciesp 0 p u | devel (@pedes distriiion and abundance) (Noss, 1998ven
thoughi t sémgplicity in monitoring, the higher tendency towards species, cause gaps
and misunderstandings in other aspects of biodiversity globally (genetic and
ecosystems). EB\&ne of the main motivation is to present a condensed list which
cowers all aspects of biodiversity (Pereira et al., 20L8)ng EBVs as data tags in
metanalysis highlights the densityhich can be transformed infarticular aspects

of biodiversity.

First of allthe most important finding there is a huge distinctidretween 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 alsobe assessed asspecies level study. On the other hand acadestudies
diversify the portfolo 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., 20}7species level studieéSpecies

populations and spigs traitspoccupy the monitoring portfoliogomprises 48% of the
portfolio). Speciedevel followed by genetic composition whioccupies 24% of the
portfolio. Tydecks et al. (2018) detected exact ordering in global studiesaending

order species (68%), genetic (47%), ecosystems (15%).

A possible explanation for this surprising tendency into genetic composition in the

academia might be, the persistent i nterest
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new species.lsaact al . (2004) c a ltakoaadnidt rhfi Isa tpihemad.meT
identified between two species concepts; 1) biological sense geographically isolated
reproductive species, 2) phylogenetic sense, species differ each other by at least one
taxonomic charaer maybe resulteflom hybridization. This recent paradigm shift in
species concept, doubled the number of i
identified species are 48% more than traditional one. Isaac et al. (2004) concluded that
charismatic data bsed 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 arfundamentalinits in conservation and natural resource management. And
theseaction needs fulstandardist 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
Chi stidis (2017), advocated Ato rietsheict
scientific communityods failure to goverrt
global efforts to halt biodiversity loss, damages the credibility of science, and is
expensye to society .On contrary, Ceballos and Ehrlich (2Q0@Bsagreed abouhe
oppositionand suggested payingttention toconservingeach subunit in an ideal

world. Thomson et al. (2018) pointed dlidtconservation should focus on ecosystem
integrity raher than fixed entities of species. They suggested to define vulnerable
biological units by using taxon names.

~

Onl vy, 1.5 million of species (out of 5N
(Costello et al. 2013)Identifying all of the species (covery bacteria, invertebrates

etc.) before thego extinct in Turkey is highlynlikely. Also the active monitoring

programs reveals that species assessments such as IUCNsRédve 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 classcompared to global monitoring schemes. In general terms open
archives of satellite imagery maintain input into ecosystem structure and function
variables globally (Skidmore and Pettorelli, 20P8itorelli et al., 2018)n particular

we lack data aboutcesystem 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&mamistic 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 functiaspecially at national level. These activities can be

pl anned by wutilizing remote sensing. Ski dmo
Sensing- Essential Biodiversity Variables (REBV s ) 0, which can be de
satellite product s. ghliglied adhe rcantributient of eafth. (2015)

observatiorbased 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 fafig partly measurable EBVs.
Fully measurable EBVs (i.e. ecosystem extent and fragmentation) can be maintained
by earth observations while partly measured f@abitat structure) EBVs require
additionalancillary datafrom earth observation® interpret.The ancillary data can

be derived from issitu 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 (Sutherlanc26tL&).Also

for example in BIP indicators suggest some proxies for Community Composition,
Ecosystem Structure and Function, by usage of remote sensing (Geijzendorffer et al.
2016).

Even so, EBVs presents a structureaugidfor the future of biodiversitynonitoring,
its applicability is highly debatable. Peter
gaps in their AEssentiglobhalodi aertsctg. vaihen
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evaluate ecosystem structure and functions EBV classes since thieg osasured

by remote sensing feasibly in case the necessdrgstructureset, the required
information is available at global extent. However, the other EBV classes (genetic
composition, species populations, species traits, community composition)
demorstrate clear and consistent gaps at continental scale.

3.4.1.2.Taxonomic Perspective

The monitoring portfoligpolarizedtowards particulaspecies groupdn overallthe
plants and birdsdve the highest effort€3% and 19 % respectivelyjlowever the

choice of species group varies between practice and academia.

In global perspective, existing monitoring schemes focus on popular and apparent
species groups,; birds an awar@o0B8)emanfed thies ( P
situationast a x o n o mi ¢ . dhsamgumen ialsowald for birdsand plants

in Turkey.Although 11% of the academic studies were focused on invertebrates, in
practice invertebrates have not beeonitored until nowlInvertebrates is harder than

other speciesphylogenetic variation is wider and most of the species require

laboratory studies in addition to standardized field surveys (Gardner et al. 2008).

Stronger bias towards birdight result fromthe followingsituations, each item will

be discussesundBropportunities ,latexd chall engeso ti

- Readily abundangxpertise of birdwatchergither professional orolunteer)
and citizen science

- Existence of global or regional monitoring schemes (i.e. Common Bird
Census, Midwinter Waterfowl Survey, BreedinBird Atlas) impose well
establishesgtandards

- Birds have impacted the nature conservation histnany NGOs haveoots
in birding and international cooperation and funds exist (such as BirdLife,
RSBP, Tour de Valat)NGOsenthusiasnto follow the monioring actions is
stronger than government and academia

- E-bird data storage providessy data storagend access
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The other successful active monitoring effonay be name ati¢ most charismatic
speciesof conservatioraction: sea turtles Qaretta carettaand Chelonia mydas
Pioneerefforts (1989) owned bythe Society for Nature Conservation (DHKD) and
thenfollowed by WWF-Turkey. Also these species are defined in the ANNEX list of
Bern and Barcelona Conventions. Specially Environment étemteAreas where the
seaturtles breed, governed hyifferentdepartment, have stronger dedicatiothtese

conservation values, unlike other protected areas managed by GDNCNP.

Mediterranean Monk SeaMnachus monachyss in the same situation with sea
turtles. Both are threatenespecies and useoastal areas for breedirapd have
particular national and international focus. Monitoring is carried oytrinyarily by
Underwater Research Society until 1987. However, the monitoring continuity is not
like sea turtles, due to the financial limitations ahfficulties in monitoringmonk

seals due to their rarity and habitat specialization.

Despitethe SAPs contribute to diversify the taxonomic research,e gover nment 0s
choiceto prepare action plans domitby 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 allocatiortadfonomicgroups idairer. Plants andibds

are againthe most studied species groupBereasthe studies reflect other species
groups as well. Yet, the Arge mammals are the least studied groups. Global
assessments revealed that taxonomic bias towards lairggmammals and higher
plantsbecause of the detection probability anélitipopularity(Scholes et al., 2012).
This rather contradictory resuih mammalsmay be dued research interest of
academia. In general genet@mposition studies were concentrated on plants, species
populdions and traits concentratedn birds and herpetofaunand community
composition in invertebrates and plarithkis finding isrelevantwith the link between

three issues, the species group, EBV, and its data design and effort requirements. Such
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that for exanple 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 effortsreveoncentrated 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 structwrettands 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 thalistribution of IUCN Red List categories ntireatened species are
more abundant than threatened species except plants. fowtteof plant studies
focus on criticallyendangeredUsage of common species will provide an early
warning of ecosystem chaggsince 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 monachu€aretta caretta, Chelonia mydasd Phoencopterus roseus
Also thesurveillanceof bird populations byirdwatchergrovide 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 stroragceleratiorof biodiversity stdiesin all aspects.
Detrimental impact of humans on nature wesognizedby multilateralagreements
(CBD, Ramsar, Bern etcffom 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
compositon studies have triggered after 2000s, when the remote sensing galleries
become opeand fregthe milestone was Landsat archive in 2008 (Zhu et al. 2019))
andwhenthe DNAsequencing techniquesdome more costffective andapplicable.

Institutional pespective, in 2003 a separate department has been established regarding
particularly Biodiversity Monitoring under GDNCNP. However the influence of this
branch become visible after a dec@2@13)with the beginning of SAPs.

3.4.1.4.Spatial Perspective

The widersurface area of Turkey is challenging the monitoring pradbce. to the
environmental heterogeneity monitoring should be comprehensive and representative
considering thecoregions and ecosystems. However only bird monitoring in practice

is covering natinal extentThe Eastern Anatolian Region and Southeastern Anatolian
Region are suffering from the lower citizen science contribufibese regions have

been managed under temporary state of emergency conditions until 1987 because of
terrorist attacks. Texecute scientific research requires special permissiomshe

other hand it is promising to see the SAPs distribution into that regions.

Regardles®f source type (AC, AMP, SAP) local scale is the most studied scale
because of its feasibilityrhe ten@ncy 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
onthe human remurces at th time ofmonitoring activity.In general, none of the items

in the portfolio describe a threshold for biodiversity chaiges, the sampling effort
seems arbitraryAnother difficultyis to harmonize and aggregate, these-standard

localized items in the portfolio.

In spatial perspective, there diee caveatsmpacting the success of the monitoring;
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1. Setting up monitoring activities in countrywide scalecause temporal
interruptions and collapse (Common Bird Monitoring)

2. Compressin of academicstudies intolocal and regional scales due to the
lower support

3. Thedefinedstudy area of SAP is covering the administrative bardsteadof
speciedistribution range.

4. 69% of monitoring is performed within protected aregsbally of emlogical
field studies have been performed within protected areas, Martin et al. (2012)
criticized this proportion as being overrepresented in protected Hi@asver
this metaanalysis showsnversely the misrepresentation of protectedsare
Turkey. Protected areas are monitored only for management efficiency,
variables such as number of visitors, stuff, recreational facilities etc. are
monitored regularly. However threfuges of théiodiversity, or outcomes of
conservation actions are not monitopaposely( targetednoni t or i ng 6)

5. Monitoring is ignored in urban and agricultural ecosystems where the humans

most suffer from absence e€osystems services.

In &.7. Some Examples of Large Scale Monitoring Progéamss e, ¢ fresemted
successful exaptes with different approaches. For example a small country like
Switzerland use constant plots foronitoring On the other hand New Zealand
develops a tier approach considerspatialcoveragethe contributor profileand
temporalsensitivity And Norway adopteda prioritization considering thenportance

of indicatorsand representingcosystems.

However in Turkey monitoring seems to b
fundamental question before starting resource demanding monitoring actions. Up to

now all of the agents conducts monitoring in #reas eithelbecause theganor they
must(somehow to complement bigger efforts) this next generation monitoring we

must ask t heshquideestionitadm owher e
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We need to prioritize the monitoringa i on wi t h s mar t-Ordde-cff ez on

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 newhlank space, 2) considering only protected areas, 3)
extending protected areas, 4) considering proteatedsand distribution of citizen

science potential.

Machine learning increase oability to model species distributior{&errier et al.
2017) Andwith multi criteria decision tools and artificigitelligencewe can develop

the optimal choice of monitoring considerigigatialconstraints such as;

1. Representingcoregionsevenly Mediterranean basin, Caucasus and lkano
Anatolian) and also transitiazones

2. Representing ecosystems fairly (forests, grasslands, wetlands, coastal,
mountains) and also ecotones

3. Covering various status of protected ara@ad assessing management actions

4. ldentifying targets of monitoring and setting spatial and temporal scales
identifying constant measures

5. Covering different aspects dfiodiversity and relating them with various
levels ecosystem, species, genes)

6. Representing different species groups fairly

3.4.2.0pportunities and Challenges
3.4.2.1.Policy

Politically international commitments i.e. conventions require reporting and
evaluations periodically (in general voluntarily). Geijzendorffer et al. (BD16
investigated the reporting requirements by reviewing matchvesst 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

166

t

oo



listed inTable3.7, 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 institu@mmeasures instead of
biological indicators. Thus they are not assessed. In the table the International
commitments are shown in common descriptors; RamSanvention on Wetlands,
CITES- Convention on International Trade in Endangered Species off&ilda and
Flora, Bern- Convention on the Conservation of European Wildlife and Natural
Habitats, UNFCCGC United Nations Framework Convention on Climate Change,
CBD - Convention on Biological Diversity, UNCCBUnited Nations Convention to
Combat Desertitation, Barcelona- Mediterranean Action Plan Barcelona
Convention. And EBVs are shown in abbreviations indicating that Gé&hetic
Composition, SP- Species Populations, STSpecies Traits, CCCommunity
Composition, ES Ecosystem Structure and EEcosystem Function. The grey cells

in Table3.7 denote that the monitoring report include relevant indicators correspond
to that EBV class.

Table3.7. The EBV requirements of monitoring and evaluation reports in international conventions

and protocols

International | ~~ | spl ot |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/explanatorynot

Bern esand-guidelinesfor-the-perio _d2
013-2018part-1-the-r/16808d336f!

CBD Geijzendorffer et al., 2016

Barcelona http_s://www.raespa.orq/pub
lications#enl3
https://www.unccd.int/sites/defau

UNCCD lt/files/relevant-links/201904/LDN
TSPEvalReport%20final.pdf
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https://www.cites.org/sites/default/files/reports/17-18Turkey.pdf
https://www.cites.org/sites/default/files/reports/17-18Turkey.pdf
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://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 3.7The EBV requirements of monitoriagd evaluation reports in international conventions

and protocolqcontinued)

International

: GC |SP|ST [(CC |ES |EF |Reference
commitment

https://www4.unfccc.int/sites/Sub)
missionsStaging/NationalReportg
UNFCCC Documents/9645137 TurkeBR4
1-FAJRTH%20BIENNIAL%20RH
T%200F%20TURKEY .pdf

Two EBV class become prominent: species populations and ecosystem structure in

the reporting phase of international conventions and protocols.

The Xl. Development Plan and NBDSAP (2018) are the two straleguments
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

EBVswith actions and evaluation criteria.

In NBDSAP (2018) seven national objectives are set. The second objective is defined
a sBiofdgical diversity component (ecosystems, species and genetic variability) will
be determined, monitored and species speaeifid ecosystem based conservation
approaches (traditional and modern) will be developed by determining current
condi ti on o Unddrthis abjeative ffive actions have been defined. The
actions and indicators defined in this scope are preseniebla3.8.
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https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/9645137_Turkey-BR4-1-FOURTH%20BIENNIAL%20REPOR%20T%20OF%20TURKEY.pdf
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/9645137_Turkey-BR4-1-FOURTH%20BIENNIAL%20REPOR%20T%20OF%20TURKEY.pdf
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/9645137_Turkey-BR4-1-FOURTH%20BIENNIAL%20REPOR%20T%20OF%20TURKEY.pdf
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/9645137_Turkey-BR4-1-FOURTH%20BIENNIAL%20REPOR%20T%20OF%20TURKEY.pdf
https://www4.unfccc.int/sites/SubmissionsStaging/NationalReports/Documents/9645137_Turkey-BR4-1-FOURTH%20BIENNIAL%20REPOR%20T%20OF%20TURKEY.pdf

Table3.8. Actions related with monitoring defined in NBDSAP (2018)

Action

Activities

Action 2.1: National biologica
diversity inventory will be determine
and by doing so, the current conditij

Number of rgistered species throug
National Biodiversity Inventory an
Monitoring Project

identify them atmolecular level tg
determine  their  functions i
ecosystems will be conducted

of biodiversity will be defined an{ § State of populations of species un
species will be registered; DN| |UCN threat category (CR, EN, VU)
Barcoding method will be started to | ¢ State of populations of local and log
used within this process. endemic species

1 Number of species registered throu

DNA barcodng method

Action 2.2: Monitoring studies will b{ § Number of species to be monitor
performed for the registered natiorf  and state thereof undéCN threat
biodiversity data and -BNA category
(environmental  DNA)  monitoring § Monitoring of population status ¢
technique will start to be used withl  endemic and local endemic species
the process
Action 2.3: Studies to determine a| § Number of species protected ex S
monitor endemic and endanger and in situ
species; develop and impleme § Species Action Plans
species specific conservation meth¢ q Population status of endemic a
will increasingly be contined endangered species
Action 2.4: In order to consery § Species specific pilot studies
biological diversity, studies to develq § Ecosystem based field studies
and implement species specific
ecosystenbased conseation
approaches by using traditional
advanced biotechnological methg
will be conducted
Action 2.5: Studies to detect terrestr] § Number of detected microbial speci
and aquatic microorganisms and | § Detected functions of species in {

ecosystem

The Nati onal

and sustainable biodiversity management will be ensued Howe v e r
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Synthetic Biology is defined wihsynthetccase i n a
biology techniquebenefits 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 O b j Relgabilitatioa an8l restoeafion of ecbsyass i

damaged due to different reasons will be ensured, measures to prevent damage to

healthy ecosystems will be developed and legislative gaps thereon will be falfilled.

In this section the action 5.3 is definedfa&| ar m systems (bi osensors
indicators etc.) will start to be used to warn against the degradation of ecosystem

bal ance in order to provide monitoring in he

And also the following 1itethespromoten oui te deb
cooperation between public dnprivate sector to be ensured in the process of
commercializing of the products developed with modern biotechnological methods

and biological resourcéds a n d i accegsdaoagenetic regources and fair and

equitable sharing of the benefits arising fraheir utilization and the necessary

technical infrastructure wil/l be established

For further investigation | matched the specified actions and indicators with EBVs in
Table3.9. The items that relate to legislation, capacity building and education are not

matched.
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Table3.9. The EBV requirements of monitoring amdhluation 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. eDNA

2.3. Endemic and threatspecies

2.4.Traditional conservation techniqu
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 speées 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 leasfzed 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 Blwhitoring 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 adimate, we

need urgent tools to assess the status and detect trends, if exists.
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The ultimate goal of national monitoring motivatiseemdo feed policyr epor t i ngo s
especiallyin accordance with multilateralgreement¢CBD, Bern, Barcelona etc.).

However biodiversity monitoring cannot save the world alone without integrating
information into decisionmaking and adopting crucial conservation actions (Bawa

and Menon, 1997) . A Wh at get s measur ed,
monitoring outcomes into oservation actions and natural resource management,
accounting something in nature is uselesgormation gain is not necessarily

conservation gain (McDonalsladden et al., 2010)The development obsession

get

highlighted previousliyojdw sedaveala.l, a2ullhlo;r sAt(l

prevent tle policy-management integratiomhe most dramatic outcome of this study

is the current, conscious policy of not monitg protected areas. The government
cannot protectthe nat ur e from dAitselfo. The mo s t
comprehensive zoning amnesty (2018) applied to unauthorized buildings and illegal
land transformationsBy 31 December 218, 7.393.413buildings or building parts
applications were acquired and totpphlcation cost was 24.744.721 Turkish Liras.
Only 30.458 applications were rejected (AA, 2020). These kind of regulations
promote land cover transformation&nother example is the forest permissions.
According to 6831 Forest Law, infrastructure projemtsnvestments which provide
public welfare can get permission to occupy the forest land. The public welfare is a
broad topic whicltovers construction of roads, railways, stations, dastigiousand

sports centers etc., but also mining permissions.

Corsidering the future prospects climate change protected areas are important
laboratories for humanity where we can leantd develomdaptation solutionsAn

effective monitoring program should cover the protected areas.

Stephenson et al. (2017) identififlir barriers for the flow of biodiversity data into
decision making. These are) évailability of data, (ii) willingness to use data, (iii)
accessibility, usability and quality of data, and (iv) capacity for data collection,
management and use. In tpelicy dimension thestrongestobstaclein Turkey

ci rcumst awilingnssstios uistehedat ao.
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The vision and roadmap set in NBDSAR®O07, is relativelysuccessfulo develop and
implement milestones projects particularly at species ldwelaccordane with
UBENIS observations, thienportantbiodiversity areas are identified for monitoring
purposes. Despite this output is very promising, it does not seem applicable and
reasonable for the following reasons;

1 The areas are defined considering the proginmorders anéhterveningnew
monitoring sites andvoiding protected areas.

1 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 shold be done considering ¢hthreat, ecosystem, ecoregion,
species vulnerability, rarity etc.

1 The monitoring target is missing. Surveillance monitoring is costly.
Considering the lowersonnehumber in local departments of ministiye
need smart monitorgqntargets.

1 There is a tradeoff betweeamplingefforts (precision) of monitoring with
accuracy. The current policy is to conduct monitoring byiriktutionalown
capacity or make monitor by tendeppessEven if a long term quantitative,
protocolsare defined, bth options would decrease the accuracy of the output.
The limited number of personnel in ministry might only conduct up to a level
of monitoringwith decreased precision due ltmited effort The temporal
limitation in tender process is miaxum three years in special circumstances.
However in general, governmental organization choose to apply yearly tenders
because of annual budget allocations. Thersgering theseonitoringevery
year(mostprobablyby different private companies) would cause professional
team changes every year, which is quite against the nature otelong

monitoring.

The updated NBDSAR018 significantly mentions genetic level studigsquently
(2.3.3.2.1. The National Biologicaliiersity Strategy and Action Plans sectiohd

complement monitoring withwork at various biodiversity levels is important.
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However, everthough genetic studies are relatively cheaper in recent ybaysare
still expensive and to allocate another detm into unsustainable research is not
feasible.On the other hand, ecosystdavel monitoring can be done for broader
extents, with open and free remote sensing gallddesceseveral national extent

monitoring schemes focumsore onto this option.

SDGs also impose multi sectoral monitoringghich covers also biodiversity
(McKenzie et al.2014), engaging SDG targets into monitg goals wouldncrease

the efficiency.

Other institutions and governmentalrganizationsshould be included in the
monitoringschems. If the environmental pressure dagxfflanatorydata) is missing
(such as air/soil/water pollution, climate or lamsk), we cannot link the biodiversity
loss or change rigorously. Under The Ministry of Agriculture and Forestry umbrella
this coordhation can be sustained. Because the ministry includes all of the agricultural
and forestry departments in addition to General Directorate of Nature Conservation
and National Park§GDNCNP), General Directorate of Combating Desertification
and Erosion, Geeral Directorate of Water Management, Stdegdrological Service,

State Hydraulic Works. Ecologicapcioeconomicalland environmental data would
need to be integrated at appropriate scales (Bawa and Menon, TB8799% of
forests and all of the pratted areas are managed by government, which is another

advantage to set upng-term monitoring programs.

Combining different schemes returns economies of scale. Combination might include
different sampling techniques or combining differeamtonomicgroups. Thus, it is
possible to reduce survey costs and to improve effstiency. For example Targetti

et al (2014) shows that integrating habitat mapping into monitoring scheme reduces
the cost at 50%. In that regatging constant plots in existing programs (such as ICP
forests) and adding missing variables into these schemes wimagicase the

monitoring cost for Turkey.
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Monitoring needsstrong collaboration betweerthe agents.At the moment data
restrictions applieé 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 sha@nd management, (iii) system design and infrastructure,

(iv) implementation. Certainly there may be seveeasons for not sharing data in
Noahdés Biological Di ver si t yor sychokdicals e i
contexs. However it is hardo achieve successful monitoring programs without
solving treseobstacles and generate mechanisms to support cooperation between
biodiversity monitoring agents. Thi&ely reasons of this strict policy listed belaw
although not completeare mentionedybquestionnaire respondentsabgh informal

conversations

1 Data is an asse&ind a power tool in governance, and thegy not want to
share this asset with other organisations and pe®plie amltion of power
might stemfrom personal attitudes te dueto organizational strategy.

1 System design and database structure do not allow shamaling it
necessary to firsbvercome this technical obstac@ne reason might be the
underestimating the required time effort and technical expertise in database
maragement during design.

1 Low datareliability might be an issue and they want to resolve this issue before
sharingdatawith others.

1 Higher priority towards economic development in the national policy might
make decision makers hesitant to maiadiversityvaluespublic, since this
may potentially hinder such fAdevel opmi

1 The tender process privatizes and values biodiversity datemnetaryterms

and this tendency prevents public share

Data storage and share tools are fundameot@hponentsof any successful

monitoring. The lack of a central node which facilitates data sharingragic
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considering thexistence of thé&l o a Ak Blational Biological Diversity Database.
Removing barrieg in accessing informatiomould enhance trust animnprove the
transparency ofa governmentalorganization Currently, onlyfour of the active
monitoring programs share thal at a wi t h rNauditibndckanghg data |
policy will lower expenses (time & money) data collection and data storaget

only for thegovernment bualsofor all otheragents.
3.4.2.2.Science

A long-term monitoring study in academiavas nonexistent Shortterm funding
shorter study positionfor researchersanda keen interest into new and innovative
projectsare possibly themain reasongor the lack of longerm studies Another
reason identified by Nisbet (200f Moni t or i ng 1 s :snbbveé@and e 0 s
poorlypaidd) was t hat maobpraviderglitterigg prizesrarktat theird
publication requires much more time. Mwd research has a plan about milessone

and delivers te@ertain destinations.

The hghernumber ofgenetic studies especially in academic studies in the monitoring
portfolio can be an outcome of this situation sidgeeasy to publish, 2) relatively
shorer periods of research time requirements, 3) it requires generally more time to
understand the dynamics in other aspect of biodiversity such as communities and
ecosystems4) studies require longer time spans are not easily fufidedpressure

of publishng can be modifietb activeparticipation into practice. Supporting scientist

to develop longerm monitoring actions in biological researches would increase the
quality of the publications.

Another prepect is making scientific data more discoverald digestible The
generaltendency in academia e keepthe data and publisbnly results. However
considering the urgency of biodiversity loss, our understandinganges aarious
levels of biodiversity should develop as fast as possible. Dataatidmhs should be
countdon for acadent promotionsDeveloping the conditions of intellectual copy

rights, data citationgnd open scienceould likely enhance the conditiorier data
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shaing. Another tool may be developing a reward system which encoupaggse
to contribute ongoing monitoring efforts rather thaetting up new ones

(Lindenmayer and Likens, 2010).

Data management and storage phases require more attention. Especially inmgonitor
efforts only a fewutilized statistical analysio improve overalbata reliability The
greater scientificcommunity should lead the monitoring community data

validation, bias correin and other statistical tools.
3.4.2.3.Culture

On one hand biodiversity data is not accessiblgile on the other it is not
discoverable. Buhisis not a unique problem, maaythorshighlighted this situation
earlier (Wetzel et al. 2018, Reichman et al., 2011I)his is a result of dispersed
knowledge and a problem of harmonization amongseveral governmental
organizations, NGOs, and acadentimfortunately each agent ocaep their niche,
with little sharing of data. We can only fill the gaps by ioying collaboration
between biodiversity agenfurner et al.2015). Both academia and NGOs present

greatopportunitiego support governmental organizations.

Fieldwork is the most expensive activity in monitoriifargetti et al. 2014)
Available scientistsgovernment personnel and NG@rkers camot easily tackle
biodiversityissuesconsidering theizeof Turkey andts rich biodiversity. Engaging
nonprofessionals into data acquisition would dramatically incre@sextent and
efficiency (Sutherland et al., 201%Jany community data portalsould increase the
potential of citizen scienc&chmeller et al. (2009) calculated that without volunteer
contribution the cost of annual monitoring in Europe would incréasefold. And
this would impact mostly Western Europe (Germany and France) Wieesalary of
professionals are higher themEastern Europe.

More than 150 birdwatchers has participatedthe Breeding Bird Atlas Project
between 20142017 and proves the capability of citizecience The ancestor site
Kusbankholds 80.000 ba recads collected by 450 birdwatchers between 2000 and
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2017 qttps://ebird.org/turkey/news/turkidireedingbird-atlaspublished. On the

other hand citizen science histdrgsalso some failur® For instanceCommon Bird
Monitoring is an interesting case. In global perspective it is one of the most successful
exampla of citizenscienceprojects(Stephens et al., 20L.8However in Turkeythe
number of volunteers providing data for fiveject hagrickled down to one or twm

its third year andhe project practically came to an end

Enthusiasm is an intrinsic motivation behind citizen sciehoe&ustain the motivation

of people and quuity of dataproduceddepend on keeépg enthusiasmwhereas
commanding strict rules would destroy this feeling (Foster, 20183lerstandinghe
interests, motivations, skills and needs of different contributors would increase the
efficiency of citizen sience Pocock et al., 2015Sutherland et al., 20150Dne
disadvantage is theneverdistribution of citizen scientistwhich leads teheir survey
locationsbeing highly biased(such asnearerto hometown) Therefore there is a
compromise between cign scienceeffort and systematic sampling (Pocock et al.
2015).

The active monitoring programs highlighted that NGOs bengfdre from
voluntarism {.e. Mid-winter Waterfowl Survey}han citizen sciencelhe reasons

might be

The limited human resource$ NGOscannot manage citizen science.
Citizen scerce requires quitan effort in trainirg, data storage, management
and validation.On the other hand NGOs choose voluntersnghighly

skilled birdwatchers

Theactive monitoring programs are mostly executed by NGOs, waodrisiasnin

sustaining monitoring isftenhigher thartheacademia anthe government.

Looking at the historical development of civil societies, their role is much more a
tracker role for gogrnmental implications, create awareness, and provide necessary
technical skills.Dixon et al. (2019) highlighted that monitoring and evaluation are

accomplishedetterby NGOs compared tby governmental organisations. According
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to the authors the reasonmsmy be (1) NGOs employ scientists and higlskilled
employes, (2) NGOs report and evaluate the monitoring outcomes to the funders and
stakeholders, (3) governmental organizations execute monitoring for legislative

requirementsandeven though commitnmés are not met thegtaim the credit

In the nature conservation dimension, national NGi@sTurkey oftenimport
international agendand trend topicghey collaborate with international partnarsl

bring international funds. The movement has been atgg (but not only)by
BirdLife, RSBP, Tour de Valat, WWF, etc. In parallel to these developments, in 1996
the UN HabitatIK st anb ul w@asn fhed a nTlhelurksk Goaennment

like other parties committed to enlarge the legitimacy ohonrgovernmental
organizations and civil movementand also to associate with civibrganizations

while performingcivil services (Tekeli, 2012). The NGOs visibility and participation

has accelerated with political stability. Until 2010 NGOs and govertahagencies

had performed very successful projects (examples are preserk@snmez et al.,
2016). In 2010, the general director of Nature Association which was one of the most
influential NGGs that time, called the former Minister of Environment andtéVa

Af f aiser@al kikesof iaturé . Af ter this event, the mi
not only with Nature Association but alsath any other NGOs. They choose to
collaborate with private sector through tender proeesélthough the work
completon 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 hese projects are highly suspicious since the sampling effort would be
the first compensation measuneorderto decrease the coSthe change of attitude
towards NGOs is also visible in NBDSAPs. In the last NBDSAP (2018) only
governmental projects tookgee, and the accomplishments of NGOs are igniored

reporting
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3.4.2.4 Financial

The early stages of monitoring is more expensive because of technical trainings
awareness creatioand the capital cost akquired equipmentSgephensoret al.,
2017). On the o#r hand redeing reliable data requires alstime. To keep

consistency and stability is quite dependent on the financial constraints.

Pet er son an d,repootdatleervariability i@ thelg8neration of biodiversity
information. The unit cost of acquiring biological data can change from 1$ to 1000$
per record. To condu@ costbenefit analysis, we need to derive the total cost of
different type of monitoring effortscluding the fixed costs (equipment, lalsic)

also variable costs (travel cost etc.). Targetti et al (2@bMpared the cost of
monitoring in different sites in Europe. The total cost changed at a ratio of one to
twelve in accordance with sampling ersnment and geographical variances

Consideringhe vassizeof Turkey, certainly we may face similar differences.

The donoré interess change by global policy, regional priorities etc. To update

monitoring outcomes with the trend topics may influertte $ustainability ofa

donorés interest. For example, ecosystem ser
if any monitoring program can provide information about the correlation between per

unit conservation effort with the per unit ecosystem servites) the monitoring

guestion transformisito a societal issue.

Danielsen et al. (2003) highlighted that many monitoring progsaufier from being
unrealistically large, complicated and impossible to sustain with the locally available
funds and human reses. The programs can immediately collapse when the donor
funding stopsA solid and longterm financial income seals the future of monitoring
(Schmeller et al2015)

This metaanalysis shows saamilar outcome for the activenonitoring programs.
Despitethey are planned to be executed annually, half of them has interruptions in
their history. For example Mediterranean Monk Seal Monitodognot have a

constant fundTheaefore,suchmonitoringwasabsorbed intmther project activities
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such as coastabne management planrhus the monitoring is carried out whenever
itcanbeThe GDNCNP supported two SAPs in Mer s
of monk sealvhereas the breeding caves distributed among MediterraneanA®ast.
aforementioned the SAPs wgrneeparedy 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.hbR018

1. Enhanced datacquisition would fill data gaps taxonomically, spatially and
various aspects (not only species leyvel)

2. Big data issuesstandardizing existing data and metadata increase availability
and accessibility

3. Sustainable electronic infrastructures support dispgvaccess, analysis,

storage and dissemination

Advances in data acquisition such as remote sensing capabilities, radio tracking
animals,camera trap networks, soundscapim@lecular based method streamline
data collectionautomate data collection, dease the cost of lortgrm monitoring
(Schmeller et a]2015) Accumulation of geotagged species records erdalsothe
capabilities of modellingSensor networks both audio and imagery offer detection of
species in a systematic way and enable dajaisition in large areas;BNA 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 ctamisand contiguous data
offered by remote sensing is very beneficial compared 4sitin measurements
(Kissling et al., 201B). Especially for Turkey we need to prioritize the utilization of

remote sensing and set up a consistent national scale ecosystéoring program.
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A key challenge for the future is the development of tools for aggregating local studies
to generate broadacale patternsData share increases the collective benefit.
Biodiversity data is diverse, dispersed and dispa&itadardizatioof data formats,
increase interoperability efarioussources and different temporal and spatial scales.
Adopting global standardsuch as Darwin Core (TDWG, 2009) standards and
ontologies make data harmonization easlaraddition to Danin Core, Kissling et

al. (201®) 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, 1ISO 19157 and PROV.

Datasets such as GBIF, Mdtandardizedhe biodiversity data. Also community
platformssuchas iNaturalist increase the public awareness.

Biodiversity data should be more discoverable, accessible and digestible (Wetzel et
al., 2018). The contribution can be increased l@gning a system which makes data
holdersvisible anddata transparerkissling et al. (201B) suggested CCo (No Rights
Reserved) and CC BYA(tribution) licensesform Creative Commons (CC) licenses

and designatins (ttps://creativecommons.ojg/

The data restr i BiblogwalDivpreity Datalyaseasfa baxrid@raeh 6 s
governmental policghouldembracehe other agents (academia, NG@sjlincrease
cooperatiorbetween 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 ANALYS IS ON EBVS PERSPECTNE FOR TURKEY

A primary challenge in biddersity conservation is to establish a standardized and

uni form system of monitoring globally.
agreed globally on robust objectives and approaches would increase the performance
of monitoring, especially in develagy countries where biodiversity is essential and

the resources are limited (Teder et2l0 0 7 ) . EBVs could form t
and weltcoordinated monitoring programs worldwide and this would help optimize
the monitori n@l7)( Proen-a et al

Optimization means that monitoring reaches the objectives of the program in a
scientifically and statistically sound and permanent way (De Blunst 204B). The

durability, thus coseffectiveness, is a major challenge in this equation. The EBONE
project in which the European level cost efficiency was investigated, defines
efficiency as Athe balance between the r
things rightdéd, o6the route to the goal 6) o0
ofproici ng the desired results, the degree
right t hi ngs FRigurédsl)c @lre bptigumas thg loeatrlosh Jesirable

outcome, especially under some restrictions.
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Figure 4.1. The relation between efficiency and effectiveness(unst 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 variects asp

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. @urrent
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 (Baalse e
2014).

Here, feasibility is regarded as technical, political and economic feasibility. This

chapterbés goal i's not presenting the opti mt
achievable onlywhenasolidandwellt r uct ur ed problioe26.i s define
What Makes Biodiversity Monitoring Efficient

aim to answer such questions. Here | rather define some accepted criteria at the
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national level, without focusing on a particular ecosysténgeneric monitoring
agproach which promises fione size fits al
Li kens, 2010) . However <considering Turke
(findings of Chapter 3), and accepting the practical use and universality of EBVs,

some EBVs ould beprioritized over others.

4.1.Feasibility Question

Monitoring has three major phases, and in an ideal adaptive monitoring scheme, these
steps show iterative relatioBach step has its own constraints in labor, technological
advances and desigronsiderations (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. Inase 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. Taepent subjectivity, | only scored criteria that | can
assign numerical values derived in this study or from the liter&yreonceptualizing

the future, in formulazing the question the utilization of remote sensing is accepted as
a criterion since its befits to several EBVs and cesffectiveness is proven by
sever al aut hors (O6Connor et al ., 2015;
Vihervaara et al., 2017).

4.2.Usefulness

All of the EBVs are already screened according to their scientific sousdress, |

used Turak et al. (2017) scores for the usefulness of EBVs for societal banefits
terrestrial realmsTurak et al. (2017) suggest EBVs for national scale and explore the
suitability of EBVs in Australia by a workshop (experts, decision makel a

practitioners). The values presented able4.1.
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Table4.1. Usefulnes®f 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 Functior Netprimary productivity 59
Secondary productivity 0
Nutrient retention 67
Disturbance regime 100
Ecosystem Structur Habitat structure 92
Ecosystem extent and fragmentatic 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 th#comes derived from Chapter &
literature. These criteria define the ease of monitoring, some of them decrease the cost

andsome @& them increases efficiency, thimpact 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 monitoriag.
way to overcome this limitation is to benefit froatizen 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 inpig 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). | fdted the terrestrial realm studies and count the EBVSs.
For each criteria normalized values are used and converted irBseale. The scale
defines 3: abundant, 2: moderate; 1: scgdtable4.2)

Table4.2. Scoring human resources

EBV Class EBV Technical = Suitability
expertise for citizen
availability = science

748Genetic Composition Co-ancestry 0 0
Allelic diversity 1
Population genetic differentiatio 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 woo
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Table4.2. Scoring human resources (continued)

EBV 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 0 0

functional type

4.3.2.Technology and Equipment

The requirements of specific instruments and equipments increase the fixed cost of
monitoring. The column valuesepresent3: No equipment, 2: Standart equipment,

1: Levelup field equipments, 0: Advancéaboratoryequipmers.

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 effdn this regard remote sensing contribution

to monitoring is assessed as an option of technological improvenhargsd the

scores provided by O6ConnoNoadequacyg lLom{( 2015) .

adequacy, 2: Medium adequacy, 3: High adeq@able4.3).

Table4.3. 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
Bodymass 1 0
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Table4.3. 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

WWWONDNEFENNRERPRPPE
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4.3.3.Design Limitations

Time bound and space boumtiaracteristicoof 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 ,yaads longer
periods would not meet the policy needs and management targets. The scores shows
1: Annual, 2: 110 years, 3: more than 10 years. Space limitations are defined by the
sensitivity of EBV in spatial scale. | used the values assigned in thelmo(tbcal,

regional and countrywide). A scalable EBV should be more beneficial not only to
estimate local changes but alsoctumbinenationaland regional assessmenior
example, a score of 3 shows that this EBV is applicable at three different 2dales

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 |
only used the active monitoring portfolio resudind 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 yeargTable4.4).

Table4.4. 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 extentand 2 3 0
fragmentation
Ecosystem composition 2 1 0

by functional type

| weighted the scores ftnuman 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 gesented imMable4.5 andFigure4.2. In the figure EBVs

abbreviations were labelled. They are shown on talilethe color codes.
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Table4.5. 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 abundanc 100 100
Population structure b
Species populatior age/size class 28 37.5
Phenology 41 62.5
Body mass 0 37.5
Natal dispersadlistanc 0 12.5
Migratory behaviour 8 75
Demographic traits 31 62.5
Species traits | Physiological traits 100 12.5
Community | Taxonomic diversity 100 37.5
composition | Species interactions 100 50
Net primary
productivity NPP 59 37.5
Secondary productivity SePr 0 25
Ecosystem Nutrient retention NuRe 67 12.5
Function Disturbance regime |DiRe 100 62.5
Habitat structure 92 75
Ecosystem extent and
fragmentation 100 50
Ecosystem Ecosystem compositi
Structure by functional type 100 12.5
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Figure42EBVs wusefulness versus feasibility

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 Funcin 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 workshoparticipants 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
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EBV group with a fast improvingechnology, 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 compleissue.

The criteria used in this analyses can be extended by adding multiple aspects.
Examples of similar workswere pr esent ed i n n2. 6. 1. Bui |
I ndi catorso section. Chapter 3 highlight
relative chotes. Most active monitoring programs are paglafger intenational or

regional progranor areinitiated by expert judgements. In general monitoring is done
because it can be done (in specific arpasstly atthespecies levellHHowever EBVs

show thenecessity of multdimensional 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 availab#®urces rablecomprehensive and
successfumonitoring 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 technolwgguirent conditions.
However thisdecisionmight change in favor of other technological options. For
example the applicability of-BNA and soundscape ecology mightprovein the

future (increase in co#fficiency or available equipments, donor intémts.), then

this option and its contribution to EBWeasurementshould be added to analyses.
Then the results would reflect what is most useful and most feasible considering this
particular technology. Similanalyse€an be repeated in other countgesisidering

their technical expertisend 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 the capacity of remote sensing in a complex ecosystem.

In this section the usefulness of available open source Sedtyadlery, and machine

learning algorithms were tested and their contribution to mapping the distribution of
vegetation are assessedNiediterranean sparse forests where maquis formations.
This study was published as the title fAS
Sparse Forestslaquis Formations Using Sentir2l | ma3Yy ie rdguial of

Geocarto International.

5.1.Introduction

Sust@nable Forest Management (SFM), which encompasses a wide spectrum of
concerns, from timber to neimber forest products, and further towards forest related
ecosystem services and functions (Wang and Wilson, 2007), requires management of
the regenerativeapacity 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 divesity 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

34This chapter was published Bemirbas Caglayan, S., Leloglu, U. M., Ginzler, C., Psomas, A.,
%SeRIYyfPZ | & { ®J.2020.{Szesigs Eevel @assifidgation 8f MédfeNaheah Sparse
ForestsMaquis Formations Using®tinel2 ImageryGeocarto International,-20. DOI:
10.1080/10106049.2020.178358Reprinted with permission of Taylor &Francis
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important indicatorso 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 giéies) correspond to various stages of regressive
succession and degradation (Tomaselli, 1977; ScarbBagaozza et al., 2000).
Third, diversity contributes to the resilience of the system (Ciancio and Nocentini,
2004), and it is important to identifyehecologically vulnerable and resilient sites, a
crucial topic in Mediterranean because of its susceptibility to fire, degradation, and

desertification, as a direct consequence of

Despite management shifts toward$SBM 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 Kang@slPand 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 maquisegate 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 aoriamp role in ecosystem
functioning since they -Galeotevet al.t 2018)0 (2) er osi ot
enhance soi | -Oegnes étiat., y2013),§38) rconmtra surface runoff
(Casermeiro et al., 2004) (4) create a microclimate for further vemyeigdineration
(Tomaselli, 1977), (6) enhance overall biodiversity (Goberna et al., 2007) and (7)
provide indispensable economic resources to local livelihoods, i.gimber forest
products such as seeds, fruits, gums, resins, dyes, medicines and capiamas
(¥zturk, 1995; Pal ahi et al ., 2008).

Forests in the Mediterranean basin cover approx. 88 million heckk€sdnd Plan
Bleu, 2018) and according to Bontemps et al. (2011) sparse trees (including

shrublands and grasslands) cover across 17.7t%0& Me di t erranean basi n.
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Mediterranean region covers 5.7 million hectares of forest where 41.85% belong to
Afsparse foresto and areqg.Pmasibratg exist (@, i f on
2019). However, according to the SFM principles, meésessary 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 fopthigose.

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 Hargfremer, 1999) particularly during recovery from fire
(Garc2a and Casell es, 1991; Laurin et al
fire management (Koutsias and Karteris, 2003; Bajocco et al., 2017), (5) biomass
estimation (Calv«o and Palmeirim 2004, M
degradation and restoration management (Fava et al., 2016). However, in all previous
studiesin 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 phywlogical classesniaquis/garrigue/phyrgariaDe 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 a@elied species level classification scheme for the dominant
maquis speciesgenista acanthoclada, Ericspp.,Phillyrea latifolia, Quercusspp.,

Olea europeandArbutus andrachné)ased on Copernicus SentiZdime series and

a machine learning approachs a multispectral satellite constellation Senth2el
provides an opportunity for heterogeneous forests with its ¥8solution and the

short revisit cycle of five days. Applying a meléimporal methodology helps to catch
thespectral variances in phdogy and thus increase accuracy in vegetation mapping
(Grabska et al., 2019). Due to these reasons Segtinghgery has been widely used
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in the forestry sector to classify tree species composition (Immitzer, 2046,
Persson et gl.2018; Kampouri efal.,, 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 a).2019).

The mainobjective of this study is to map the compositional diversity in complex
Mediterranean maquis ecosystems with high accuracies based on Sziiagles,

and ancillary data. The specific aims comprise:

(1) to create a species level classification for magui®rder to increase our
knowledge in compositional data, especially for the relevant formations
Asparse forestso in forest stand maps,
ecological perspective,
(2) to present a serautomated approach based on open softwarefraedy
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 sensingrenithry features in the
context of the present mapping task.

The contributions of this paper to the stat@he-art are as follows:

(1) Itis a pioneering study that shows the feasibility of remote sensing methods to
species level maquis classification ngsimachine learning techniques and
ancillary data in addition to satellite mulémporal images,

(2) It introduces new features designed to accentuate the subtle spectral
differences among maquis species,

(3) It determines the remote sensing variables along avithllary variables that

has a significant effect on species distribution in maquis.
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5.2.Materials and Methods

5.2.1.0verview

In this study, a workflow (Figure 5.1) to produce an accurate and detailed composition

map for Mediterranean woodlands, which distinguigieslominant 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 oGuirveNFIlwawhdrae dt
canopy cover is marked as less than 10%. Then, based on orthoimages, GT polygons
were delineated around the sampling points. Finally, Sefflimelagery Level 1C

products for the time period between@2016 and 3@5-2019 were aguired 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 20ar).

In addition to remote sensing features such as original spectral bands and spectral
indices, also ancillary data such as soil type, geological informatiorglitiatic
surfaces and topographic variables were prepared and in total, a set of 44 features were
used. Multicollinearity 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-f6ld crossvalidation using R 3.3.2 (R Core
Team, 2017and 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

Keycejiz Forest ManageB@&7/t37.14rEiand 2844 | ocat ed |
29.017 N in the southwestern part of Turkey (Figure 5.2a) and covers 118,081

hectares. Elevation starts from sea level and reaches up tom2aBéve sea level

(a.s.l.). 44.9 % of the unit is under various protection statusofiNd Park, Specially
Protected Area and Wil dlife Reserve) due to
threatened specie& mosaic of freshwater, coastal, and woodland habitats contributes

to the exceptional biodiversity of the region. The meandnnuda e mper at ure i s 18.
while the absolute minimum and maximum temperatures7ate0 AC and 43. 0 A
respectively, and the annual mean precipitation is 1032 mm (Turkish State of
Meteorological Service, 2016). Wooded vegetation covers 74.7% of the dreaean

composed mainly dPinus brutia(81.8%) andP. nigra(19.5%) woodlands, of which
approximatively a quarter iIs managed wunder

The maquis vegetation starts from the sea level and reaches up {H20@0M. a.s.|.
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(Davis, 1965). A heterogeneous composition of maquis forms a -iaydtied
vegetation structure in the region. The study area hosts many maquis species in diverse
physiognomic stages: dense and open shrublands (<Za®nista acanthocladand
Ericaspp.; bw tree formations (>5m) @lea europegArbutus andrachne?hillyrea

latifolia and Quercusspp. Apart from these dominant species other characteristic
species includeluniperus, Cotinus, Ceratonia, Cistus, Daphne, Laurus, Myrtus,

PistasciaandSarcopoteium spp.

0 10 20

- 1Sentinel 2 Tiles [Z:% SEPA
:] Forest Managment Unit N\ NP
I Sparse Forests [ZwR

Figure52. The study area and the sampling points wit

study area, b) Dark grey polygon: K°yckEdpiestForest
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.
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5.2.3.Material

5.2.3.1.Field Survey and Ground Truth Polygan 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 witmaled90%

canopy closure were marked and the fieldwork was carried out within this boundary
(Figure 5.2kc). If any maquis species covered more than 60 % of the patch and with

a minimum radius of 05 m, then the centre of the vegetation cluster was geeldca

by GPS and the maquis patchdés radius was
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
reflectsthe present environmental heterogeneity (Figure 5.3).
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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@f resolution and the photographs taken
during the survey. Species classes with samples less than 10 polygons were eliminated
from the sample set (e.gaurus nobilis, Myrtus communrésdCistus 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

Sentinef2 Level 1C images between-01-2016 and 3@5-2019 were acquired from
GEE. The images more th&#0% cloud coverage were eliminated from dataset.
Totally 167 distinct days were derived for two Sentidéles (T35SPA and T35SPB)
(Figure 2b). A further cloud mask and shadow mask were applied at the pixel level
(Chastain et al.2019). SentineR bandsB2, B3, B4, B6, B8, B9, B11, 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 -(Soeologyl,
Bioclimates19, Embergefl, Topographie3) 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 focombining 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 imagedane (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 is #tudy. Soil and geology polygons
were rasterized and other raster layers were resampledntoré€olution, which is

the highest spatial resolution of Sentiel
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Table5.1. 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 o' Sluiter and De Jong,
Geology Map category Mineral Research and 2005
Exploration
Bioclimatic Biol: Biol9 CHELSA bioclimatic = Zimmermann et al.,
features surfaces (Karger et al 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 Sl ope ( 2005; Gislason et al.,
Northness 2006
5.2.4.Method

5.2.4.1 Feature Extraction

The pixel values of each raster layer were computed for each GT polygon. Since the
digestible Sentine? library in Level 2A was limited in GEE, we used Level 1C
images. These images are neither atmospherically nor radiometrically corrected, so a
N3 0 e remadval algorithm was applied to remove extreme radiometric effects in
the daily time series image dataset. Then, polygon spatial means of original image
bands (B2, B3, B4, B6, B8, B9, B11, B12) and representative subset of Spectral
Indices (SI) (Table5.2) 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 phenadgical traits such as leaf senescence, colouring, flowering, etc. of each

species might enable to filter ideal dates or seasons for remotely sensed data
acquisition (G&rtner et al ., 2016) . This is
species are evergen sclerophylls and some of them present similar morphological

features and biomass accumulatiQuércus coccifera, Q. infectoria, and Phillyrea

latifolia). To perceive the reflectance behaviour of the target species and understand

the subtle differenceamong 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 speciesinta s i ngl e mixoa s sh ennacnee dt hie f i nal classi f
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, 2teatures 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

L, TR L e T
- T

Figure 5.5. NDVI values distribution per month for each of the eight vegetation classes
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Table5.2. List of spectral indices and+somputed features from Sls to delaminatgetation classes

Spectr/Formul a Ref erence
| ndi(cSd
NDVI oy Ot oy Ot Rouse et a
N D WI oy Opp¥ O6Y Opp Ceccato et
SAVI oYy Ot zp®F 6P O1T T Huete, 198
EVI 2 oy Ot z¢® Y OY ¢c8z01 |Ji erntg al . ,
P
GDVI 2 oy Ot Wu, 20114
oy Ot
GVI ™ Yo" ¢ T8 T WO O Thenkabail
(Tasse ™ T FP 1 ™ ¢ 126 Y
Cap mryritpp T™E" PG
veget a
Computed |[For mul a
Features
Feat . $6)+. $6) I nferfedm
C mont hly gr
Figure 5)
di stingui s
Fea . $6) -. $6) phenol ogi ¢
. $69 di fference
Feag .$6) -. $6)
. $69
Feat .$7) -.%$7)
. $T7Y

207



Table5.2. List of spectral indiceand recomputed features from Slis to delaminate vegetation classes

(continued)

Computed For mul a
Features
Feat "'6) -''6)
1 69’
Feat 31/6)-3!6)
3! &)
Feat ''6) -'6)
1 69’

5.2.4.2 Random ForestClassification

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 problemdi{€et al., 2015;

Rasa2nen et al ., 2013) . The RF model was run
Major RF tuning parameters have been set to default values as suggested by Belgiu

and Drtgu$S ( 20tly§gNumberDuvariables radomly sampled as

candidates at each split) is equal to the square root of the total number of features, and

N (number of trees to gromvs set at 500.

5.2.4.3.Feature Selection

RFOs variable i mportance approach is highly
stepwiseapproaches, 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 ofvariables (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 ach 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 Gregorutti,§28lL7). RFE uses a backward
iteration gproach 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
recursiveprocess is repeated until all the features contribute significantly to the model
(Gregorutti et al., 2017).

5.2.4.4 Accuracy Assessment

We applied10-fold crossvalidationto provide an unbiased estimation of RF model
performance based on the entire sample ofitfieed 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. Howedee 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. Thdic&®on map was

also grouped namely, shrulisgnistassp, Erica ssp, Mix) and trees@lea europea
Arbutus andrachneaPinus brutig. The classification map predicted by the model
were compared to these independent random set and assessed withutaeyacc

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 (Senista acanthocladé 3 4 . 4 %) foll owed by the
(26.6 %),Erica sp (15.9%),Arbutus andrachn€7.9%) andOlea europaed3.3 %).

Although these vegetation types are labeled as "spanses brutiaf or est s0 by t he

foresters, our study reveals that pines only cover 11.8% of the masked area.

Figure56. (Il eft) ASparse forestod mask,; gHnasdnitapol ygons sh
forestodo, only orange polygon | abelled as fimaqui so. (

magquis species arfinus brutia
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